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ATCRBS OPEN ARRAY ANTENNA 
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1. Scope 

1.1 Scope.  - The p r i n c i p a l  equipment s p e c i f i e d  h e r e i n  i s  an 
a n t e n n a  i n t e n d e d  f o r  deployment i n  t h e  A i r  T r a f f i c  Cont ro l  Radar 
Beacon System (ATCRBS). The an tenna  p r o v i d e s  a  c o n v e n t i o n a l  
d i r e c t i o n a l  p a t  t e r n ,  a n  i n t e g r a l  s ide - lobe  s u p p r e s s i o n  (SLS) p a t t e r n ,  
and a  monopulse p a t t e r n .  The d i r e c t i o n a l  p a t t e r n  h a s  a  s h a r p  
u n d e r s i d e  c u t o f f  t o  c o n t r o l  ground l o b i n g  whi le  t h e  SLS p a t  t e r n  
matches  t h e  phase  c e n t e r  h e i g h t  of t h e  d i r e c t i o n a l  p a t t e r n  i n  
o r d e r  t o  a s s u r e  t h a t  t h e  l o b i n g  c h a r a c t e r i s t i c s  of  t h e  d i r e c t i o n a l  
and SLS p a t t e r n s  a r e  t h e  same. The purpose  \of t h e  monopulse 
p a t t e r n  i s  t o  p r o v i d e  s i n g l e - p u l s e  e s t i m a t e s  of  t h e  az imutha l  
p o s i t i o n s  of t r a n s p o n d e r s  w i t h i n  t h e  main l o b e  of  t h e  d i r e c t i o n a l  
p a t t e r n .  T h i s  s p e c i f i c a t i o n  a l s o  i n c l u d e s  a  s ix -pa th  r o t a r y  
j o i n t  i n t e n d e d  f o r  use  w i t h  t h e  ATCRBS a n t e n n a .  



2. APPLICABLE DOCUMENTS 

The following specifications, orders, and standards, including 
all revisions and amendments in effect on the date of invitation 
for bids or requests for proposals, form a part of this specification 
and are applicable in their entirety unless otherwise specified 
herein. 

FAA-D-2494 Technical Instruction Book Manuscripts: 
Electronic Equipment, Requirements for 
(All Parts) 

FAA-G-1210 Provisioning Technical Documentation 

FAA-G-1375 Spare Par ts-Peculiar for Electronic , 
Electrical and Mechanical Equipment 

FAA-G-2100 Electronic Equipment, General Requirements 
(All Parts and Supplement 4) 

FAA-STD-012 Paint Systems for Equipment 

FAA-STD-013 Quality Control Program Requirements 

FAA HDBK Equipment Failure Handbook 
6040.10 

DOT Order Selection Order: U.S. National Aviation 
1010.51A Standard for the Mark X (SIF) Air Traffic 

Contr 01 Radar Beacon Sys tern (ATCRBS ) 
Characteristics 

2.1 Precedence of documents. - When the requirements of the 
contract schedule, this document, or subsidiary applicable documents 
are in conflict, the following p;ecedence shali apply. The contract 
schedule shall have precedence over all other documents. This 
document shall have precedence over all subsidiary applicable 
documents referenced herein. FAA documents have precedence over 
MIL documents. 

2.2 Availability of documents. Copies of this specification 
and other applicable FAA and DOT specifications, standards, drawings, 
and the National Standard may be obtained from the Contracting 
Officer in the Federal Aviation Administration office isouing 
the invitation for bids or request for proposals. Requests should 
fully identify material desired, i.e., specification, standard, 
amendments, and drawing numbers and dates. Request should cite 
the invitation for bid, request for proposal, or the contract 
involved or other use to be made of the requested material. 



I n f o r m a t i o n  on o b t a i n i n g  c ~ p i e s  of  F e d e r a l  s p e c i f i c a t i o n s  and 
s t a n d a r d s  may be ohra ined  from General  S e r v i c e s  A d m i n i s t r a t i o n  
O f f i c e s  i n  A t l a n t s ;  Auburn, Washington; Boston; Chicago; Denver; 
F o r t  Worth; Kansas C i t y ,  Mo. ; Los Angeles ;  New O r l e a n s ;  New York; 
San F r a n c i s c o :  and WashingtLln, C . C .  S i n g l e  c o p i e s  of m i l i t a r y  
s p e c i f i c a t i o n s ,  handbooks,  and s t a n d a r d s  may be r e q u e s t e d  by 
m a i l  o r  t e l ephone  from t h e  TJ.!;. Naval Supply Depot,  5801 Tabor 
Avenue, P h i l a d e l p h i a ,  Pa. ,  ~ 9 ! 2 0 ;  f o r  t e l ephone  r e q u e s t s  c a l l  
215-697-3321, 8:03 a .m.  t o  $:!a p .m. ,  Monday through F r i d a y .  
Not more than  f i v e  items may bc o r d ~ r e d  on a  s i n g l e  r e q u e s t .  
The a p p l i c a b l e  ~ a v i t a t j o n  f o r  b id  or c o n t r a c t  number shou ld  be 
c i t e d .  Only l a t e s t  r e v i s i o n s  (complete  w i t h  l a t e s t  amendments) 
a r e  a v a i l a b l e ,  s l a s h  s h e e t s ,  such a s  MIL-E-11386, must be  i n d i v i d u a l l y  
r e q u e s t e d .  Request  a l l  i t i m s  by document number. 

3 .  REOUIMMENTS 

3 .1  Equipment and s e r v i c e s  t o  be f u r n i s h e d  by t h e  C o n t r a c t o r .  --- 
The C o n t r a c t o r  s h a l l  p rov ide  a';;ii- n e c e s s a r y  s e r v i c e s  and m a t e r i a l  s 
and s h a l l  d e s i g n ,  f a b r i c a t e ,  and t e s t  t h e  equipments r e q u i r e d  
by t h i s  document i n  t h e  type and q u a n t i t i e s  and i n  accordance 
w i t h  t h e  d e l i v e r y  schedu le  r e q u i r e d  by t h e  c o n t r a c t .  The C o n t r a c t o r  
s h a l l  a l s o  p rov ide  a l l  n e c e s s a r y  s e r v i c e s  and m a t e r i a l s  and s h a l l  
p r e p a r e ,  r e p r o d u c e ,  and p rov ide  r e p o r t s ,  p l a n s  and i n s t r u c t i o n  
books a s  s p e c i f i e d  h e r e i n  f o r  d e l i v e r y  i n  accordance w i t h  t h e  
c o n t r a c t  r e q u i r e m e n t s .  Any f i a t u r e  or  i t em n e c e s s a r y  f o r  proper  
o p e r a t i o n  i n  accordance  w i t h  the  requ i rements  of  t h e  c o n t r a c t  
s h a l l  be  incor oo~.aterri evrri ?:hc:ugh t h a t  i t e m  o r  f e a t u r e  :nay n o t  
be s p e c i f i c a l l y  d e s c r i b e d  h ,>rc , in .  Each equipment f u r n i s h e d  
by t h e  Cantractor s h a l l  be complete and s h a l l  be i n  accordance 
w i t h  a l l  s p e c i f i c a t i o n  r e q u i r v m e n t s .  

The fo l lowing  equipments a r e  t o  be  s u p p l i e d :  

( a )  ATCRBS Open-Array a n t e n n a s  t o  i n c l u d e ,  b u t  n o t  l i m i t e d  t o :  

( 1 )  Open a r r a y  s : : ~ c t u r e  wi th  a s s o c i a t e d  s u p p o r t  s t r u c t u r e  
and illst a l l a t i o n  rriounting k i t s ,  

( 2 )  RF r a d i a t i n g  elernencs,  
( 3 j  RF i d c d  x e t w o ~  k ,  
( 4 )  MF F i l t e r s ,  and 
( 5 )  l r ~ p i ~ t :  ~.,,nnec t or :; 

( b )  Rotary  j o i n t  t o  i n c l u d e ,  bu t  n o t  l i m i t e d  t o :  
( 1 )  Hobsing and ass0c ia te .d  mounting i n t e r f a c e s ;  
( 2 1  Three  each S-Sand  r o t a r y  p a t h s  wi th  a s s o c i a t e d  

waveguide p o r t s  , c o n n e c t o r s  , c o v e r s  , and t e r m i n a t i o n s ,  
( 3 )  Thx ee  each L--Band r o t a r y  p a t h s  wi th  a s s o c i a t e d  

c o r n e c t o r s ,  c a p s ,  and t e r m i n a t i o n s ;  and 
( 4 )  S 1  :p ring a s s e m b l y .  
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In addition to the equipment8 listed above, the Contractor shall 
provide the items listed below: 

(a) Test and maintenance equipment (para. 3.4), 
(b) Instruction books and instruction book manuscript (para. 

3.71, 
(c) Equipment test plans and reports (para. 4.1 through 4.3), 

and 
(dl Reliability and maintainability plans and reports (para. 

4.4 and 4.5). 

3.2 Definitions 

3.2.1 Service conditions. The most severe operating condition 
is defined to be Environment I11 (Para. 1-3.2.23, FAA-G-2100/1) 
modified as follows : 

Elevation: 0 to 12,000 feet above sea level 

Relative humidity: 5% to 100% including condensation due to temperature 
changes. 

Rain: Up to 60 mm/hr . 
Hail: Up to 1 inch diamater hailstones at 60 ft./sec. 

Barometric pressure: Up to 30.5 inches of mercury 

Electromagnetic radiation: Up to 200,000 watts (peak) per square 
meter at duty cycles up to 0.2percent at any frequency between 
1250 and 1350 MHzorbetween 2700 and 2900 MHz. 

The survival condition is defined to be the most severe operating 
conditionwith the winds to 125 knots, 

3.2.2 Vertical. - A vertical line at any point is the line defined 
by the string supporting a nonmagnetic plumb bob. A vertical 
plane is any plane containing a vertical line. 

3.2.3 Horizontal.- A horizontal plane is any plane for which 
the normal is a vertical line. 

3.2.4 Elevation angle.- The elevation angle of any directed 
line originating at a point P is the smaller angle between the 
line and the horizontal plane through P as measured in the vertical 
plane which includes the line. The elevation angle is positive 
if the line is directed above the horizontal plane at point P 
and is negative if the line is directed below the horizontal 
plane at point P. 



With r e fe rence  t o  the antenna p a t t e r n s  s p e c i f i e d  h e r e i n ,  ga ins  
and p a t t e r n s  a r e  s p e c i f i e d  and s h a l l  be measured along d i r e c t e d  
l i n e s  from the  geometr ical  cen ter  of the  antenna ape r tu re  t o  
the poin t  of observa t ion  (or  the  poin t  a t  which the  antenna range 
source i s  l o c a t e d ) .  The e l eva t ion  angle a s soc i a t ed  with any 
such s p e c i f i c a t i o n  or measurement s h a l l  be the  corresponding 
e l e v a t i o n  angle of t h i s  d i r e c t e d  l i n e  i f  the  antenna were mounted 
i n  i t s  normal ope ra t ing  o r i e n t a t i o n  with the  underside -6dB poin t  
of the p r i n c i p a l  e l e v a t i o n  plane sum p a t t e r n  on the  horizon ( t h a t  
i s ,  on the ho r i zon ta l  plane passing through the geometr ical  cen ter  
of the ape r tu re )  . 
3 . 2 . 5  Azimuth angle .  - The azimuth angle of any d i r e c t e d  l i n e  
o r i g i n a t i n g  a t  a  po in t  P i s  the  ang le ,  measured i n  t he  ho r i zon ta l  
plane through P ,  of the  i n t e r s e c t i o n  of the  v e r t i c a l  plane conta in ing  
the l i n e  and the ho r i zon ta l  plane through po in t  P .  The angle 
of t h i s  i n t e r s e c t i o n  s h a l l  be measured p o s i t i v e  clockwise ( a s  
viewed from above) from a  s p e c i f i e d  or convenient r e f e rence  d i r e c t i o n  
( i . e . ,  some o ther  ho r i zon ta l  l i n e  through P). 

With r e fe rence  t o  the antenna p a t t e r n s  s p e c i f i e d  h e r e i n ,  gains  
and p a t t e r n s  a r e  s p e c i f i e d  and s h a l l  be measured along d i r e c t e d  
l i n e e  from the  geometr ical  cen ter  of the antenna t o  the poin t  
of observa t ion  (or  the poin t  a t  which the  antenna range source 
i s  l o c a t e d ) .  The azimuth angle a s soc i a t ed  with any such s p e c i f i c a t i o n  
or measurement s h a l l  be the corresponding angle of the l i n e  of 
observa t ion  i f  the  antenna were mounted i n  i t s  normal opera t ing  
o r i e n t a t i o n  with the underside -6dB poin t  of the p r i n c i p a l  e l e v a t i o n  
plane sum p a t t e r n  on the horizon.  A l l  p a t t e r n  azimuth angles  
a r e  measured p o s i t i v e  clockwise from the i n t e r s e c t i o n  of the  
p r i n c i p a l  e l e v a t i o n  plane with the ho r i zon ta l  plane through the  
center  of the  a r r a y .  

3 . 2 . 6  P r i n c i p a l  e l e v a t i o n  plane.  With the  antenna mounted i n  
i t s  normal ope ra t ing  o r i e n t a t i o n ,  the p r i n c i p a l  e l eva t ion  plane 
i s  the  v e r t i c a l  plane passing through the center  of the  ape r tu re  
and the peak of the d i r e c t i o n a l  p a t t e r n .  

3 . 2 . 7  Mean time between f a i l u r e s  (MTBF). - A l l  MTBFs s p e c i f i e d  
he re in  a r e  " spec i f i ed  mean time between f a i lu re s " ,  Q,, i n  the  
sense def ined  i n  paragraph 3 . 1  of MIL-STD-781. ~ i l  ~ B F  requirements  
generated by the  Cont rac tor  i n  response t o  the  d i c t a t e s  of t h i s  
s p e c i f i c a t i o n  s h a l l  a l s o  be " spec i f i ed  mean time between f a i l u r e s "  
a s  def ined i n  MIL-STD-781. 



3.2 .8  Side-lobe suppression (SLS). SLS i s  a  technique for  suppression 
of transponder r e p l i e s  t o  i n t e r r o g a t i o n s  by the  s i d e  lobe r a d i a t i o n  - 
of the ATCRBS d i r e c t i o n a l  p a t t e r n .  The i n t e r r o g a t i o n  mode RF 
pulse  p a i r ,  P1 and P3, i s  r a d i a t e d  by the d i r e c t i o n a l  p a t t e r n .  
The P2 pulse  r a d i a t e d  by the SLS p a t t e r n  occurs  a t  a  s p e c i f i c  
time i n t e r v a l  a f t e r  t he  f i r s t  i n t e r roga t ion  pu l se ,  P I ,  and a t  
a  f i xed  amplitude r a t i o  with P1. The a i rbo rne  radar  beacon 
transponder conta ins  c i r c u i t r y  for  amplitude comparison and pulse 
spacing r ecogn i t i on  of pu lses  P l  and P2 and suppresses  r e p l i e s  
whenever the  amplitude of P2 exceeds the amplitude of P I .  

3 .2 .9  Spec ia l  t o o l s ,  f i x t u r e s ,  and t e s t  equipments. - Any t o o l ,  
f i x t u r e ,  o r  t e s t  equipment not  l i s t e d  for  FAA Airpor t  Surve i l lance  
Radar s i t e s  i n  e i t h e r -  DOT Order 6200.4 (Test  ~ ~ u i b m e n t  Management 
Handbook) or  FAA Handbook 4630.2 (Standard Allowance of Supplies  
and Working Equipment for  Nat ional  Airspace System F a c i l i t i e s )  
i s  a  s p e c i a l  t o o l ,  f i x t u r e ,  or  t e s t  equipment under t h e  terms 
of t h i s  s p e c i f i c a t i o n .  

3.2.10 Peak and l o c a l  peak ga ins .  - The peak ga in  of the antenna 
i s  the maximum ga in  over a l l  e l e v a t i o n  and azimuth angles .  The 
angle a t  which the  peak gain occurs  i s  def ined  t o  be the  angle 
midway between the two p o i n t s ,  one on e i t h e r  s i d e  and ad jacent  
t o  the peak ga in ,  a t  which the gain i s  0 . 5  dB below the peak 
ga in .  A l o c a l  peak i s  the poin t  a t  which the  antenna ga in  achieves 
a  maximum over some r e s t r i c t e d  reg ion  ( e . g . ,  over a l l  azimuth 
angles  a t  some s p e c i f i e d  e l e v a t i o n  ang le ) .  The angle  a t  which 
a  l o c a l  peak occurs  i s  def ined t o  be the angle midway between 
the two p o i n t s ,  one on e i t h e r  s i d e  and ad jacent  t o  the l o c a l  
peak, a t  which the gain i s  0 .5  dB below the l o c a l  peak ga in .  

3 .2.11 P a t t e r n  n u l l s .  - A p a t t e r n  n u l l  i s  a poin t  a t  which the  
p a t t e r n  ga in  achieves a  minimum over some r e s t r i c t e d  r eg ion  ( e . g ,  
over a l l  azimuth angles  a t  some s p e c i f i e d  e l eva t ion  ang le ) .  
The angle a t  which the n u l l  occurs  i s  def ined t o  be the  angle 
midway between the two po in t s ,  one on e i t h e r  s i d e  and ad jacent  
t o  the  n u l l ,  a t  which the  ga in  i s  10 dB above the  n u l l  ga in .  
I f  the n u l l  depth i s  l e s s  than 20 dB, t he  angle a t  which the  
n u l l  occurs  w i l l  be measured a s  descr ibed above except the  two 
measuremettt p o i n t s  s h a l l  be a t  the gain l e v e l  2  dB above the n u l l  
ga in .  

3 .2.12 Phase c e n t e r .  - The phase center  i s  the center  of curva ture  
of the  wave f r o n t  of the  r a d i a t i o n  for  the p a t t e r n  of i n t e r e s t  
a s  measured i n  some s p e c i f i e d  r eg ion .  



3.2.13 Sum p a t t e r n .  - The sum p a t t e r n  i s  another name ' fo r  the 
d i r e c t i o n a l  p a t t e r n .  The d i r e c t i o n a l  p a t t e r n  i s  the  p a t t e r n  
f o r  r a d i a t  ink ATCRBS i n t e r r o g a t i o n s  and r ece iv ing  con"entiona1 
ATCRBS r e p l i e s .  

3.2.14 Dif fe rence  p a t t e r n .  - The d i f f e r e n c e  p a t t e r n  i s  another 
name for  the  monopulse p a t t e r n .  The monopulse p a t t e r n  may be 
used i n  conjunct ion with the  sum p a t t e r n  t o  e s t ima te  the azimuth 
angles  of t ransponders  wi th in  the main lobe of the d i r e c t i o n a l  
p a t t e r n .  

3.2.15 Error  p a t t e r n .  - The e r r o r  s i g n a l  i s  def ined  a s  the amplitude 
of the d i f f r e n c e  s i g n a l  d iv ided  by the amplitude of the sum s i g n a l .  
The d i f f e r e n c e  s i g n a l  i s  the  RF r e t u r n  f r &  the d i f f e r ence  p a t i e r n  

' 

( a v a i l a b l e  a t  the d i f f e r ence  po r t  of the antenna)  and the sum s i g n a l  i s  
t he  RF r e t u r n  a t  the sum p o r t ,  The e r r o r  p a t t e r n  i s  the  graph of 
the  e r r o r  s igna l  versus  the azimuth angle of the f a r - f i e l d  RF source 
genera t ing  the sum and d i f f e rence  s i g n a l s .  

3.2.16 SLS p a t t e r n .  - The SLS p a t t e r n  r a d i a t e s  the s ide- lobe 
suppression ( ~ 2 )  p u l s e s .  

3.2.17 Side lobe .  - A s i d e  lobe i s  any r a d i a t i o n  lobe ( l o c a l  
maximum) i n  the f r o n t  hemisphere (wi th in  90 degrees azimuth of 
t he  p r i n c i p a l  e l e v a t i o n  plane) o ther  than the  intended lobe (main 
lobe ) .  Beam shoulders  ( l o c a l  maxima immediately ad jacent  t o  the  
main lobe which a r e  l e s s  than 1 dB high a s  measured from the  
peak of the shoulder t o  the base of the n u l l  between the  shoulder 
and the  main lobe)  a r e  considered a  p a r t  of the main lobe and 
hence a r e  not  s i d e  lobes .  

3 .2.18 Back lobe.  Any r a d i a t i o n  lobe i n  the  back hemisphere. 

3.2.19 P a t t e r n  s lope .  - The sum, d i f f e r e n c e ,  or SLS p a t t e r n  
elope measured along a  prescr ibed  angular  coord ina te  a t  some 
r e f e r e n c e  poin t  i s  def ined  as fo l lows .  Let  G(O)  be the  ga in  
( i n  dB) of the p a t t e r n  a t  the  r e f e rence  p o i n t .  Let E l  be the  
angle (along the  prescr ibed  coord ina te)  n e a r e s t  the  r e f e rence  
poin t  a t  which the ga in  i s  (G(0) + 1 dB) and E 2  be the  angle 
n e a r e s t  the r e f e rence  poin t  a t  which the  gain i s  (G(0) - 1dB). 
Then the  s lope  of the  p a t t e r n  a t  the  r e f e rence  po in t  i s  def ined 
t o  be the s lope  o f  the s t r a i g h t  l i n e  passing through the  two 
po in t s  ( E l ,  (G(Q3 + 1dB)) and (E2, (G(0) - l d ~ ) ) .  

The s lope  of the  e r r o r  p a t t e r n  for  p o s i t i v e  (nega t ive )  azimuth 
angles  is  def ined  a s  the  s lope of the s t r a i g h t  l i n e  passing th ru  
the  e r r o r  p a t t e r n  a t  zero  degrees azimuth and the p o s i t i v e  (negat ive)  
azimuth angle  a t  which the sum p a t t e r n  i s  2  dB below the l o c a l  
peak of the  beam. 

3.2.20 Re la t ive  f i e l d  s t r e n g t h .  - The r e l a t i v e  f i e l d  s t r e n g t h  
i s  the  f i e l d  s t r e n g t h  r e l a t i v e  t o  the l o c a l  peak of the  p a t t e r n .  



3.2.21 Standard ATCRBS r e p l y  pulse .  - For the purposes of t h i s  
s p e c i f i c a t i o n ,  the s tandard ATCRBS r e p l y  pulse has a  r i s e  time 
of between 50 and 60 nanoseconds (from the 10 t o  90 percent  
amplitude p o i n t s ) ,  a  f a l l  time of between 50 and 60 nanoseconds (from 
the  90 t o  10 percent  amplitude p o i n t s ) ,  and a  pulse dura t ion  
of between 300 and 350 nanoseconds as  measured between the  90 
percent  amplitude poin ts  on the leading  and t r a i l i n g  edges. 
The pulse  amplitude i s  cons tan t  t o  wi th in  10% of the peak amplitude 
over the  pulse du ra t ion .  The RF c a r r i e r  of the pulse i s  a t  any 
frequency between 1085 and 1095 MHz. 

3.2.22 Post-hybrid phase angle.  - The post-hybrid phase angle 
i s  the  phase angle of the  d i f f e r ence  s igna l  measured with r e s p e c t  
t o  the phase angle of the  sum s i g n a l .  

- 

3 . 3  Performance requirements .  The requirements descr ibed below 
s h a l l  be met under the se rv i ce  condi t ions  of paragraph 3 .2 .1  with 
continuous unattended opera t ion .  

3 .3 .1  Antenna e l e c t r i c a l  requirements .  - Each antenna s h a l l  
provide sepa ra t e  and independent sum, d i f f e r e n c e ,  and SLS p o r t s  
(connectors)  s o  t h a t  i t  i s  poss ib le  t o  simultaneously t ransmi t  
on a l l  t h r ee  p a t t e r n s  and t o  simultaneously r ece ive  on a l l  t h r ee  
p a t t e r n s .  Each antenna s h a l l  have exac t ly  3  input-output connectors ,  
1 each for  sum, d i f f e r ence ,  and SLS. RF switching s h a l l  not  
be employed. The sum p a t t e r n  s h a l l  have low s i d e  lobes and s h a l l  
have a n u l l  (pa ra .  3 .2.11)  on the p r inc ipa l  e l eva t ion  plane over 
-2 t o  +40 deg. e l e v a t i o n .  The SLS p a t t e r n  s h a l l  genera l ly  cover 
the s i d e  lobes of the sum p a t t e r n .  

Each p a t t e r n  and r e l evan t  combination of p a t t e r n s  s h a l l  meet 
the requirements  below. A l l  antenna p a t t e r n  c h a r a c t e r i s t i c s  
s p e c i f i e d  r e f e r  t o  one-way r e l a t i v e  power p a t t e r n s  of completely 
assembled antennas.  Except a s  otherwise noted h e r e i n ,  the sum 
and SLS p a t t e r n s  s h a l l  have the prescr ibed  c h a r a c t e r i s t i c s  a t  
a l l  f requencies  over the band from 1026.5 t o  1033.5 MHz (designated 
he re in  as  1030 + 3.5  MHZ) and a t  a l l  f requencies  over the band 
from 1085 t o  1075 MHz (designated he re in  a s  1090 + 5 MHz). The 
d i f f e r ence  p a t t e r n  s h a l l  provide the prescr ibed  c c a r a c t e r i s t i c s  
over 1090 + 5  MHz. - 
3.3 .1 .1  Eleva t ion  r a d i a t i o n  p a t t e r n s .  - 
3 , 3 . 1 . 1 . 1  D i rec t iona l  (sum) p a t t e r n .  - The sum p a t t e r n  s h a l l  
have the  fol lowing c h a r a c t e r i s t i c s  along the  p r i n c i p a l  e l e v a t i o n  
plane.  The r e l a t i v e  f i e l d  s t r eng th  a t  6  deg. e l eva t ion  s h a l l  
be wi th in  1 .0  dB of the peak of the beam. The r e l a t i v e  f i e l d  
s t r e n g t h  s h a l l  decrease monotonically with decreasing e l eva t ion  
angle from 6 deg. e l eva t ion  t o  the poin t  a t  which the p a t t e r n  
i s  16 dB below the peak of the  beam ( t h e  -16 dB p o i n t ) .  The 
-16 dB poin t  s h a l l  occur a t  an angle above -3.5 degrees e l e v a t i o n .  



The slope of the p a t t e r n  a t  any poin t  between zero degrees e l e v a t i o n  
and the -16 dB poin t  s h a l l  be no l e s s  than 1 .8  dB per degree.  

A t  a l l  e l e v a t i o n  angles  from the  -16 dB poin t  t o  -14 degrees 
e l e v a t i o n ,  the r e l a t i v e  f i e l d  s t r eng th  s h a l l  not  exceed -12 dB. 
A t  a l l  e l e v a t i o n  angles  from -14 degrees t o  -26 degrees ,  the  
r e l a t i v e  f i e l d  s t r e n g t h  s h a l l  no t  exceed -14 dB. A t  a l l  e l eva t ion  
angles  below -26 degrees ,  the r e l a t i v e  f i e l d  s t r e n g t h  s h a l l  no t  
exceed -18 dB. 

The f i e l d  s t r e n g t h  s h a l l  remain cons tan t  t o  wi th in  4 .5  dB peak 
t o  v a l l e y  from 5 degrees t o  32 degrees e l e v a t i o n ,  s h a l l  be cons tan t  
t o  wi th in  6 .5  dB peak t o  va l l ey  from 5 degrees t o  40 degrees e l eva t ion  
over 1030 + 3.5 MHz, and s h a l l  be cons tan t  t o  wi th in  11 dB peak 
t o  v a l l e y  &om 5 degrees t o  40 degrees e l e v a t i o n  over 1090 - + 
5  MHz. 

Above 40 degrees e l e v a t i o n  the p a t t e r n  s h a l l  decrease with the 
r e l a t i v e  f i e l d  s t r e n g t h  a t  a l l  angles  above 50 degrees a t  l e a s t  
16 dB below the peak of the beam, the  r e l a t i v e  f i e l d  s t r eng th  a t  
a l l  angles  above 60 degrees a t  l e a s t  20 dB below the peak of 
t he  beam, and the  r e l a t i v e  f i e l d  s t r eng th  a t  a l l  angles  above 
70 degrees a t  l e a s t  25 dB below the peak of the  beam. 

3 .3 .1 .1 .2  Monopulse ( d i f f e r e n c e )  p a t t e r n .  - The d i f f e r e n c e  p a t t e r n ,  
i n  azimuth, s h a l l  poseess a  n u l l  a t  the  p r i n c i p a l  e l eva t ion  plane 
over the range of e l e v a t i o n  angles  between -2 and +40 deg. so 
t h a t  t he re  a r e  two l o c a l  p a t t e r n  peaks one on e i t h e r  s i d e  of 
and ad jacent  t o  the p r i n c i p a l  e l e v a t i o n  plane.  The conical-cut  
e l e v a t i o n  p a t t e r n  passing through e i t h e r  of these l o c a l  d i f f e r e n c e  
p a t t e r n  peaks a t  ze ro  degrees e l e v a t i o n  s h a l l  have the  fol lowing 
c h a r a c t e r i s t i c s  when the  antenna i s  mounted i n  i t s  normal ope ra t iona l  
o r i e n t a t i o n .  The shape of the  r e l a t i v e  f i e l d  s t r eng th  of the 
d i f f e r e n c e  p a t t e r n  s h a l l  be wi th in  + 1 dB of the  measured 1090 
KHz sum p r i n c i p a l  e l eva t ion  plane p a t t e r n  over the  range of e l e v a t i o n  
angles  from -1 t o  +30 degrees and s h a l l  be wi th in  + 2  dB from 
-1 t o  40 deg. e l e v a t i o n .  The r e l a t i v e  f i e l d  s t r e n g t h  s h a l l  decrease 
monotonically with decreasing e l e v a t i o n  angle from 5 degrees 
e l e v a t i o n  t o  the  poin t  a t  which the p a t t e r n  i s  16 dB below the  
l o c a l  peak ( t h e  -16 dB p o i n t ) .  The s lope of the  p a t t e r n  a t  any 
po in t  between zero degrees e l eva t ion  and the -16 dB poin t  s h a l l  
be no l e s s  than 1.8 dB per degree.  The -16 dB poin t  s h a l l  be 
above -4 degrees e l e v a t i o n .  

A t  a l l  e l e v a t i o n  angles  from the  -16 dB poin t  t o  -14 degrees 
e l e v a t i o n ,  the  r e l a t i v e  f i e l d  s t r e n g t h  s h a l l  no t  exceed -11 
dB. A t  a l l  e l e v a t i o n  angles  from -14 degrees t o  -26 degrees ,  
the  r e l a t i v e  f i e l d  s t r e n g t h  s h a l l  not exceed -13 dB. A t  a l l  
e l e v a t i o n  angles  below -26 degrees ,  t he  r e l a t i v e  f i e l d  s t r eng th  
s h a l l  not  exceed -17 dB. 



Above 40 degrees e l e v a t i o n  the p a t t e r n  s h a l l  decrease with the 
r e l a t i v e  f i e l d  s t r e n g t h  a t  a l l  angles  above 50 deg. l e e s  than 
-15 dB, t he  r e l a t i v e  f i e l d  s t r eng th  a t  a l l  angles  above 60 deg. 
l e s s  than -19 dB, and the  r e l a t i v e  f i e l d  s t r e n g t h  a t  a l l  angles  
above 70 deg. l e s s  than -24 dB. 

3 .3 .1 .1 .3  SLS p a t t e r n .  - A t  any azimuth angle for  which the  
ga in  of the  SLS p a t t e r n  a t  +6 degrees e l eva t ion  i s  wi th in  8 dB 
of the peak of the  SLS p a t t e r n  a t  +6 degrees e l e v a t i o n ,  the SLS e l eva t ion  
p a t t e r n  s h a l l  meet the following requirements when the  antenna 
i s  mounted i n  i t s  normal ope ra t iona l  o r i e n t a t i o n .  A t  6  degrees 
e l e v a t i o n ,  the r e l a t i v e  f i e l d  s t r eng th  s h a l l  be between 0  and 
-2 dB and s h a l l  decrease monotonically with decreasing e l eva t ion  
angle t o  a  l e v e l  of -12 dB ( t h e  -12 dB p o i n t ) .  The -12 dB point  
s h a l l  l i e  above -4 degrees e l e v a t i o n .  From +6 t o  -2 degrees 
e l e v a t i o n ,  the  shape of the SLS p a t t e r n  s h a l l  be the  same a s  
t h a t  of the  p r i n c i p a l  e l eva t ion  plane sum p a t t e r n  t o  wi th in  - + 1.5dB. 
The r e l a t i v e  f i e l d  s t r e n g t h  a t  zero degrees e l e v a t i o n  
s h a l l  be -6 +1.5 dB and the p a t t e r n  s lope a t  a l l  e l e v a t i o n  angles  
between zero-degrees and the -12 dB poin t  on the  underside of 
t he  p a t t e r n  s h a l l  be a t  l e a s t  1 .6  dB/degree. 

The underside s i d e  lobes of the e l eva t ion  p a t t e r n  s h a l l  be a t  l e a s t  
10 dB below the  l o c a l  peak of the  p a t t e r n  a t  a l l  e l e v a t i o n  angles  
below the underside -12 dB p o i n t .  

The SLS p a t t e r n  s h a l l  cover the sum p a t t e r n  side-lobe and back- 
lobe r a d i a t i o n  a t  e l eva t ion  angles  from -2 t o  +70 degrees a s  
s p e c i f i e d  i n  para .  3 .3 .1 .2 .4 .  In  a d d i t i o n ,  a t  any azimuth angle 
ou t s ide  the  -20 dB beamwidth of the d i r e c t i o n a l  p a t t e r n  a t  zero 
degrees e l e v a t i o n  for  which the gain of the SLS p a t t e r n  a t  +6 
degrees e l e v a t i o n  i s  wi th in  8 dB of the peak of t he  SLS p a t t e r n  
a t  +6 degrees e l e v a t i o n ,  the SLS e l eva t ion  p a t t e r n  s h a l l  meet 
the  fol lowing requirements .  At a l l  e l eva t ion  angles  from the  
underside -12 dB po in t  t o  -70 degrees,  the underside s ide- lobe 
l e v e l s  s h a l l  be a t  l e a s t  8 dB below the  p a t t e r n  l e v e l  a t  the  
corresponding p o s i t i v e  e l eva t ion  angle .  

A t  any azimuth angle wi th in  10 degrees of the  p r i n c i p a l  e l eva t ion  
plane for  which the  ga in  of the  SLS p a t t e r n  a t  +6 degrees e l eva t ion  
i s  wi th in  8 dB of the peak of the SLS p a t t e r n  a t  +6  degrees e l e v a t i o n ,  
t he  RF phase d i f f e r ence  between the p r i n c i p a l  e l eva t ion  plane 
sum p a t t e r n  and the  SLS e l e v a t i o n  p a t t e r n  s h a l l  f l u c t u a t  e l e s s  
than 20 degrees peak t o  v a l l e y  over e l eva t ion  anglee between +3 
and -1 degrees.  

3 .3 .1 .2  Azimuth r a d i a t i o n  p a t t e r n s .  - A l l  azimuth r a d i a t i o n  
p a t t e r n s  a r e  def ined a s  f i e l d  s t r e n g t h  versus  azimuth angle a t  
a  cons tan t  e l e v a t i o n  angle .  



3.3 .1 .2 .1  D i rec t iona l  (sum) p a t t e r n .  - A t  zero  degrees e l e v a t i o n ,  
the  sum p a t t e r n  main lobe s h a l l  have a  half-power width of 2.35 
+ 0.25  degrees ,  a  width a t  10 dB below the l o c a l  peak of the - 
p a t t e r n  of l e s s  than 4 . 5  degrees ,  and a  width a t  a  r e l a t i v e  f i e l d  
s t r e n g t h  of -20 dB not  t o  exceed 7 degrees.  Over the range of 
e l e v a t i o n  angles  from -2 t o  +40 degrees ,  the -3 dB (-LO dB) beamwidth 
s h a l l  not  vary by more than -10% t o  +15X from the -3 dB (-10 dB) 
beamwidth a t  zero degrees e l eva t ion  divided by the cos ine  of 
t he  e l e v a t i o n  angle .  Over the range of e l e v a t i o n  angles  from 
zero t o  +40 degrees ,  the -20 dB beamwidth s h a l l  not  vary by more 
than -10% t o  + 35 X from the -20 dB beamwidth a t  zero degrees 
e l eva t ion  divided by t h e  cos ine  of the  e l e v a t i o n  angle .  

A t  a l l  e l e v a t i o n  angles  below -2 deg and a t  a l l  e l e v a t i o n  angles  
above +40 deg,  a l l  s i d e  lobes and back lobes s h a l l  be a t  l e a s t  
28 dB below the peak of the  sum p a t t e r n .  A t  a l l  e l e v a t i o n  angles  
between -2 and +40 deg, a l l  s i d e  lobes and back lobes 
s h a l l  be a t  l e a s t  26 dB below the l o c a l  peak of the sum p a t t e r n .  
No s i d e  lobe or back lobe l e v e l  i s  r equ i r ed  t o  be more than 29 
dB below the peak of the sum p a t t e r n .  That i s ,  whenever a  s i d e  
lobe or back lobe s p e c i f i c a t i o n  based upon the l o c a l  peak of 
the p a t t e r n  r e q u i r e s  t h a t  the  s i d e  lobe or back lobe be more 
than 29 dB below the  peak of the p a t t e r n ,  i t  s h a l l  be s u f f i c i e n t  
for  t h a t  s i d e  lobe or  back lobe t o  be 29 or more dB down based 
upon the peak of the  p a t t e r n .  

3 .3 .1 .2 .2  Monopulse ( d i f f e r e n c e )  p a t t e r n .  - A t  a l l  e l e v a t i o n  
anglee from -2 t o  +40 degrees ,  the d i f f e r ence  p a t t e r n  s h a l l  possess  
two peaks one on e i t h e r  s i d e  of and immediately ad jacent  t o  t he  
p r i n c i p a l  e l e v a t i o n  p lane .  These pat t e r n  peaks a r e  r e f e r r e d  
t o  a s  the  d i f f e r e n c e  p a t t e r n  peaks in  the requirements  below. 
A t  any e l e v a t i o n  ang le ,  the higher of the two d i f f e r e n c e  p a t t e r n  
peaks i s  the l o c a l  peak of the d i f f e r ence  p a t t e r n  a t  t h a t  e l e v a t i o n  
angle .  

A t  a l l  e l e v a t i o n  angles  from -2 t o  +40 deg, the  fol lowing requirements 
s h a l l  be met. Each d i f f e r e n c e  p a t t e r n  peak s h a l l  occur wi th in  
( 2 . 5 1 ~ 0 8  y ,  y  = e l e v a t i o n  angle)  degrees of the p r i n c i p a l  e l e v a t i o n  
p lane .  The r e l a t i v e  f i e l d  s t r e n g t h  of the  weaker d i f f e r e n c e  
p a t t e r n  peak s h a l l  no t  be l e e s  than -1 dB. As the azimuth angle 
i nc reases  from the  d i f f e r e n c e  p a t t e r n  peak a t  the  negat ive  azimuth 
ang le ,  the  r e l a t i v e  f i e l d  s t r e n g t h  s h a l l  decrease monotonically 
t o  a  n u l l  ( t h e  d i f f e r e n c e  p a t t e r n  n u l l )  and s h a l l  then increase  
monotonically t o  the  d i f f e r e n c e  p a t t e r n  peak a t  the p o s i t i v e  
azimuth ang le .  The n u l l  depth s h a l l  be a t  l e a s t  28 dB below 
the  l o c a l  peak of the  d i f f e r e n c e  p a t t e r n  a t  +6 deg e l e v a t i o n  
and s h a l l  be a t  l e a s t  16 dB below the lower of the  two d i f f e r e n c e  
p a t t e r n  l e v e l s  a t  t he  rum p a t t e r n  cross-over p o i n t r .  On both 
s i d e s  of the  p r i n c i p a l  e l eva t ion  plane,  with equal  e x c i t a t i o n  
appl ied  a t  the sum and d i f f e r e n c e  po r t s  of the  antenna,  the  f i e l d  
s t r e n g t h  of the d i f f e r e n c e  p a t t e r n  s h a l l  c ros s  over t he  f i e l d  
s t r e n g t h  of the  sum p a t t e r n  a t  a  po in t  -3 dB - + 0 . 5  dB below the 
l o c a l  peak of the  sum p a t t e r n .  



At a l l  e l e v a t i o n  a n g l e s  below -2 degrees  and above +40 d e g r e e s ,  
a l l  s i d e - l o b e  and back- lobe l e v e l s  s h a l l  be  a t  l e a s t  26 dB below 
t h e  l o c a l  peak of t h e  d i f f e r e n c e  p a t t e r n  a t  6 deg e l e v a t i o n .  A t  a l l  

e l e v a t i o n  a n g l e s  from -2 t o  +40 d e g . ,  a l l  s i d e  l o b e s  and back 
l o b e s  s h a l l  be a t  l e a s t  24 dB below t h e  l o c a l  peak of t h e  d i f f e r e n c e  
p a t t e r n .  No s i d e  lobe  o r  back lobe i s  r e q u i r e d  t o  be  more than  2 7  dB 
below t h e  peak of t h e  d i f f e r e n c e  p a t t e r n  a t  6 deg e l e v a t i o n .  
That i s ,  whenever a  s i d e  lobe  or  back lobe  s p e c i f i c a t i o n  based 
upon t h e  l o c a l  peak of t h e  d i f f e r e n c e  p a t t e r n  r e q u i r e s  t h a t  t h e  
s i d e l o b e  o r  back lobe  be more than  27 dB below t h e  peak of t h e  
p a t t e r n  a t  6 degrees  e l e v a t i o n ,  i t  s h a l l  be s u f f i c i e n t  f o r  t h a t  
s i d e  lobe  o r  back lobe  t o  be 27 o r  more dB down based upon t h e  
d i f f e r e n c e  p a t t e r n  peak a t  6 degrees  e l e v a t i o n .  

3 . 3 . 1 . 2 . 3  E r r o r  p a t t e r n .  - The e r r o r  p a t t e r n ,  a s  p l o t t e d  from 
t h e  an tenna  sum and d i f f e r e n c e  s i g n a l  c h a r a c t e r i s t i c s  over  1090 - 
+ 5  MHz, s h a l l  meet t h e  fo l lowing  r e q u i r e m e n t s .  - 
A t  a l l  e l e v a t i o n  a n g l e s  from -1 t o  + 5  d e g r e e s ,  t h e  magnitude 
o f  t h e  s l o p e  of t h e  e r r o r  p a t t e r n  a t  bo th  p o s i t i v e  and n e g a t i v e  
azimuth a n g l e s  s h a l l  be w i t h i n  5  p e r c e n t  of t h e  s l o p e  of t h e  e r r o r  
p a t t e r n  f o r  p o s i t i v e  azimuth a n g l e s  a t  z e r o  degrees  e l e v a t i o n .  
A t  a l l  e l e v a t i o n  a n g l e s  from +5 t o  +20 degrees  (+20 t o  +40 d e g r e e s ) ,  
t h e  magnitude of t h e  s l o p e  of t h e  e r r o r  p a t t e r n  a t  b o t h  p o s i t i v e  
and n e g a t i v e  azimuth a n g l e s  s h a l l  be w i t h i n  10 ( 1 5 )  p e r c e n t  of 
t h e  product  o f  t h e  s l o p e  o f  t h e  e r r o r  p a t t e r n  f o r  p o s i t i v e  azimuth 
a n g l e s  a t  z e r o  degrees  e l e v a t i o n  and t h e  c o s i n e  of t h e  e l e v a t i o n  
a n g l e .  A l l  an tennas  s h a l l  have t h e  same e r r o r  p a t t e r n  s l o p e  
f o r  p o s i t i v e  azimuth a n g l e s  a t  z e r o  degrees  e l e v a t i o n  t o  w i t h i n  
+ lo% of a  C o n t r a c t o r - s p e c i f i e d  nominal v a l u e .  - 
A t  a l l  e l e v a t i o n  a n g l e s  between -1 and +40 deg and a l l  p o s i t i v e  
( n e g a t i v e )  azimuth a n g l e s  between t h e  -1 dB p o i n t  and t h e  -10 
dB p o i n t  of t h e  sum p a t t e r n  main l o b e ,  t h e  post -hybr id  phase a n g l e  
s h a l l  be z e r o  (180)  degrees  t o  w i t h i n  p l u s  o r  minus t h e  phase 
e r r o r  bounds s p e c i f i e d  below. From -1 t o  +5  degrees  e l e v a t i o n ,  
t h e  phase e r r o r  bound s h a l l  be 10 d e g r e e s .  From +5 t o  +10 degrees  
e l e v a t i o n ,  t h e  phase e r r o r  bound s h a l l  be 20 d e g r e e s .  From +10 
t o  +40 degrees  e l e v a t i o n ,  t h e  phase e r r o r  bound s h a l l  
be 30 degrees .  

3 . 3 . 1 . 2 . 4  SLS p a t t e r n .  - The implementat ion of t h e  SLS p a t t e r n  
s h a l l  i n c l u d e  one r a d i a t i n g  system which p rov ides  t h e  major p o r t i o n  
o f  t h e  SLS energy f o r  t h e  hemisphere i n  f r o n t  of t h e  an tenna  
and a  s e p a r a t e  r a d i a t i n g  system ( t h e  b a c k - f i l l  r a d i a t o r )  which 
p rov ides  t h e  major p o r t i o n  of t h e  SLS energy behind t h e  an tenna .  
The C o n t r a c t o r  s h a l l  d e f i n e  a  nominal ampl i tude  r a t i o  and phase 
d i f f e r e n c e  f o r  d r i v i n g  t h e s e  two r a d i a t i n g  systems t o  meet t h e  
r e q u i r e m e n t s  below. I n  a d d i t i o n ,  i t  s h a l l  be p o s s i b l e  t o  reduce  
t h e  ampl i tude of t h e  SLS r a d i a t i o n  i n  t h e  f r o n t  hemisphere by 
3 ,  6 and lOdB r e l a t i v e  t o  t h e  nominal ampl i tude  r a t i o  by i n s e r t i n g  
s t a n d a r d  c o a x i a l  a t t e n u a t o r s  and/or  c o u p l e r s  i n t o  a  s i n g l e  s i g n a l  



p a t h  i n  t h e  a n t e n n a .  The a d d i t i o n  of the  a t t e n u a t o r s / c o u p l e r s  
s h a l l  n o t  change t h e  phase l e n g t h  of t h e  s i g n a l  p a t h  by more 
t h a n  + 5  d e g r e e s .  I t  s h a l l  a l s o  be p o s s i b l e  t o  change t h e  phase 
o f  t h e  b a c k - f i l l  r a d i a t o r  r e l a t i v e  t o  i t s  nominal v a l u e  by up 
t o  360 deg i n  s t e p s  of 45 + I 0  deg .  by r e p l a c i n g  a  s i n g l e  c a b l e  i n  - 
t h e  a n t e n n a .  

I t  s h a l l  be  p o s s i b l e  t o  make a l l  phase a d j u s t m e n t s  a t  each of  
t h e  four  s p e c i f i e d  a t t e n u a t i o n  l e v e l s  (nominal  ampl i tude  r a t i o  
o r  f r o n t  SLS r a d i a t i o n  reduced  by 3 ,  6 ,  o r  10 d ~ ) .  A l l  components 
r e q u i r e d  f o r  making t h e  l e v e l  and phase a d j u s t m e n t s  d e s c r i b e d  
above s h a l l  be  s u p p l i e d  w i t h  each a n t e n n a .  The power r a t i n g  
o f  t h e  a t t e n u a t o r s  and power d i s s i p a t i o n  p r o v i s i o n s  s h a l l  he 
s u f f i c i e n t  t o  h a n d l e  5  Kw peak a t  a  one p e r c e n t  du ty  c y c l e  a t  
t h e  SLS i n p u t  of  t h e  a n t e n n a .  The an tenna  s h a l l  i n c l u d e  p r o v i s i o n s  
f o r  mounting a l l  n e c e s s a r y  components and i t  s h a l l  be  p o s s i b l e  
t o  make any l e v e l / p h a s e  ad jus tment  on a  normal ly  i n s t a l l e d  an tenna  
i n  t h i r t y  minu tes  or  l e s s .  The r e q u i r e m e n t s  of  p a r a .  3 . 3 . 1 . 1 . 3  
s h a l l  be m e t  w i th  t h e  nominal ampl i tude  r a t i o  and phase d i f f e r e n c e  
d e f i n e d  by t h e  C o n t r a c t o r  and may no t  be met when t h e s e  nominal 
v a l u e s  a r e  p e r t u r b e d  a s  d e s c r i b e d  above.  

With t h e  nominal  f ron t - to -back  ampl i tude  r a t i o  and phase d i f f e r e n c e  
d e f i n e d  by t h e  C o n t r a c t o r ,  t h e  SLS p a t t e r n  s h a l l  have t h e  f o l l o w i n g  
c h a r a c t e r i s t i c s  over  1030 + 3 . 5  MHz when e q u a l  e x c i t a t i o n  i s  
a p p l i e d  a t  t h e  sum and S L S - ~ O ~ ~ S  of t h e  a n t e n n a .  A t  a l l  e l e v a t i o n  
a n g l e s  from -1 t o  +20 d e g r e e s  (+40 t o  +70 d e g r e e s ) ,  t h e  SLS f i e l d  
s t r e n g t h  s h a l l  exceed t h e  1030 MHz sum p a t t e r n  f i e l d  s t r e n g t h  
by a t  l e a s t  4dB (0  dB) a t  a l l  azimuth a n g l e s  o u t s i d e  t h e  main 
l o b e  o f  t h e  sum p a t t e r n .  From t 2 0  t o  +40 deg.  e l e v a t i o n ,  t h e  
SLS f i e l d  s t r e n g t h  s h a l l  exceed the  1030 MHz sum p a t t e r n  f i e l d  
s t r e n g t h  a t  a l l  az imuth a n g l e s  f o r  which t h e  1090 MHz sum p a t t e r n  s i d e  
l o b e s  o r  back l o b e s  exceed -33  dB r e l a t i v e  t o  t h e  peak of t h e  1090 MHz 
sum p a t t e r n .  I f  a t  any e l e v a t i o n  a n g l e  between +20 and +40 deg t h e r e  i s  
a n  i n t e r v a l ,  i n  az imuth ,  over  which t h e  SLS f i e l d  s t r e n g t h  does n o t  exceed 
t h e  f i e l d  s t r e n g t h  o f  1030 MHz sum p a t t e r n  s i d e  l o b e s  o r  back l o b e s ,  then  
( a )  t h e r e  s h a l l  be  a t  most two such i n t e r v a l s  a t  t ha t  e l e v a t i o n  a n g l e  over  360 
deg .  i n  az imuth ,  ( b )  t h e  a n g u l a r  e x t e n t  of a l l  such i n t e r v a l s  
s h a l l  be l e s s  t h a n  2 . 0  deg i n  az imuth ,  and ( c )  t he  azimuth a t  
which any such i n t e r v a l  o c c u r s  s h a l l  be more than  60 degrees  
from t h e  p r i n c i p a l  e l e v a t i o n  p l a n e .  

Over 1030 + 3 . 5  MHz and 1090 + 5  MHz, t h e  SLS p a t t e r n  s h a l l  be 
c o n s t a n t  to w i t h i n  10 dB peak  t o  v a l l e y  over 9 0  p e r c e n t  of  any 
360 deg azimuth p a t t e r n  between -1 and +40 deg e l e v a t i o n .  

The SLS p a t t e r n  s h a l l  have t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  over 
1030 + 3 .5  MHz a s  r e f e r e n c e d  t o  t h e  sum p a t t e r n  a t  t h e  same f requency  
when e q u a l  e x c i t a t i o n  i s  a p p l i e d  a t  t h e  sum and SLS p o r t s  of  
t h e  a n t e n n a .  A t  a1.l e l e v a t i o n  a n g l e s  between -2 and +30 deg ,  
t h e  SLS p a t t e r n  s h a l l  c r o s s  t h e  sum p a t t e r n  main l o b e  a t  two 
p o i n t s  one on e i t h e r  s i d e  o f  t h e  p r i n c i p a l  e l e v a t i o n  p l a n e .  
Each of t h e s e  cross-over  p o i n t s  s h a l l  be between 15 and 21 dB 
below 



t h e  l o c a l  peak of  t h e  sum p a t t e r n .  A t  a l l  e l e v a t i o n  a n g l e s  between 
+30 and +40 deg.  t h e  sum p a t t e r n  cross-over  p o i n t s  s h a l l  bo th  be 
between 12 and 21 dB below t h e  l o c a l  peak of t h e  sum p a t t e r n .  
A t  any e l e v a t i o n  a n g l e  from -1 t o  +3  deg,  t h e  two sum p a t t e r n  
cross-over  p o i n t s  s h a l l  have f i e l d  s t r e n g t h s  which a r e  t h e  same 
t o  w i t h i n  3  dB. A t  a l l  e l e v a t i o n  a n g l e s  from +3  t o  +40 deg,  t h e  
two sum p a t t e r n  cross-over  p o i n t s  s h a l l  have t h e  same f i e l d  s t r e n g t h s  
t o  w i t h i n  5 dB. 

A t  a l l  e l e v a t i o n  a n g l e s  from -i t o  +40 d e g r e e s ,  t h e  SLS f i e l d  
s t r e n g t h  a t  a l l  azimuth a n g l e s  between t h e  sum p a t t e r n  cross-over  
p o i n t s  s h a l l  n o t  exceed t h e  l e v e l  of  t h e  h i g h e r  of  t h e  two c r o s s -  
over  p o i n t s .  A t  a l l  e l e v a t i o n  a n g l e s  from -1 t o  +30 d e g r e e s ,  t h e  
o f  t h e  SLS p a t t e r n  ( i n  az imuth)  a t  t h e  cross-over  p o i n t  which 
o c c u r s  a t  t h e  n e g a t i v e  azimuth a n g l e  s h a l l  be l e s s  t h a n  -2 dB/deg 
( g r e a t e r  than  2 dB/deg i n  magnitude) and t h e  s l o p e  of t h e  SLS 
p a t t e r n  ( i n  az imuth)  a t  t h e  cross-over  p o i n t  which o c c u r s  a t  
t h e  p o s i t i v e  azimuth a n g l e  s h a l l  be g r e a t e r  than  2dB/deg. A t  a l l  
e l e v a t i o n  a n g l e s  from -1 t o  +30 d e g r e e s ,  t h e  SLS f i e l d  s t r e n g t h  
on t h e  p r i n c i p a l  e l e v a t i o n  p l a n e  s h a l l  be a t  l e a s t  4dB below 
t h e  SLS f i e l d  s t r e n g t h  a t  t h e  lower of  t h e  two cross-over  p o i n t s  
a t  t h e  same e l e v a t i o n  a n g l e .  

s l o p e  

3 . 3 . 1 . 3  Cross -po la r i zed  r a d i a t i o n .  - The r a d i t i o n  from t h e  an tenna  
w i t h  any p o r t  (sum, d i f f e r e n c e ,  o r  SLS) d r i v e n  s h a l l  be v e r t i c a l l y  
p o l a r i z e d  when t h e  an tenna  i s  mounted i n  i t s  normal o p e r a t i o n a l  
c o n f i g u r a t i o n .  The c r o s s - p o l a r i z e d  ( h o r i z o n t a l )  components of 
t h e  r a d i a t i o n  s h a l l  meet t h e  fo l lowing  r e q u i r e m e n t s  a t  a l l  e l e v a t i o n  
a n g l e s  from -2 t o  +40 deg.  The: c r o s s - p o l a r i z e d  r a d i a t i o n  from 
t h e  sum and t h e  d i f f e r e n c e  p a t t e r n s  s h a l l  be more than  25 dB 
below t h e  l o c a l  peak of t h e  r e s p e c t i v e  p a t t e r n .  The c r o s s - p o l a r i z e d  
r a d i a t i o n  from t h e  SLS p a t t e r n  s h a l l  be more t h a n  20 dB below 
t h e  l o c a l  peak of  t h e  SLS p a t t e r n .  I n  no c a s e  i s  t h e  c r o s s - p o l a r i z e d  
r a d i a t i o n  of a  p a t t e r n  r e q u i r e d  t o  be  more than  30 dB below t h e  
peak of t h a t  p a t t e r n .  Whenever a  c r o s s - p o l a r  i z e d  r a d i a t i o n  s p e c i f i c a t i o n  
based  upon t h e  l o c a l  peak of t h e  p a t t e r n  r e q u i r e s  t h a t  c r o s s -  
p o l a r i z e d  r a d i a t i o n  be more than  30 dB below t h e  peak of  t h e  
p a t  t e r n ,  i t  s h a l l  be s u f f i c i e n t  f o r  t h e  c r o s s - p o l a r  i z e d  r a d i a t i o n  
t o  be 30 o r  more dB below t h e  p a t t e r n  peak.  

3 . 3 . 1 . 4  Gain .  - The peak ga in  of t h e  d i r e c t i o n a l  (sum) p a t t e r n  
s h a l l  be a  minimum of  21 dB r e l a t i v e  t o  a  l o s s l e s s  i s o t r o p i c  
r a d i a t o r .  

3 . 3 . 1 . 5  I n p u t  v o l t a g e  s t a n d i n g  wave r a t i o .  - A t  a l l  t h r e e  an tenna  
p o r t s  (sum, d i f f e r e n c e ,  and SLS), t h e  i n p u t  VSWR s h a l l  n o t  exceed 
1 . 5 : l  r e f e r e n c e d  t o  a  50 ohm l i n e .  

3 . 3 . 1 . 6  Power h a n d l i n g  c a p a c i t y .  - The an tenna  ( l e s s  t h e  a t t e n u a t o r s  
of  p a r a  3 . 3 . 1 . 2 . 4 )  s h a l l  be capab le  of  c o n t i n u o u s l y  r a d i a t i n g  w i t h o u t  
breakdown a  peak p u l s e  power of l5,OOO w a t t s  a t  a- 1 . 0  du ty  
c y c l e  when d r i v e n  a t  any p o r t  (sum, d i f f e r e n c e ,  or  SLS). 



3 . 3 . 1 . 7  O p e r a t i n g  f requency .  - The a n t e n n a  s h a l l  o p e r a t e  over 
t h e  f requency range  1030 + 3 . 5  MHz and t h e  f requency range  1090 
+ 5 MHz a s  s p e c i f i e d  here&.  - 
3 . 3 . 1 . 8  P u l s e  shape .  - The an tenna  s h a l l  meet a l l  r e q u i r e m e n t s  
s p e c i f i e d  h e r e i n  when fed  by p u l s e s  ( P I ,  P2 and P3) wi th  t h e  
p u l s e  shape c h a r a c t e r i s t i c s  s p e c i f i e d  i n  S e c t i o n  2 . 4  of  DOT 
Order lOlO.5lA. 

3 . 3 . 1 . 9  P u l s e  d i s t o r t i o n .  - A t  any e l e v a t i o n  a n g l e  between -2 
and +5 d e g r e e s ,  t h e  sum and d i f f e r e n c e  p a t t e r n s  s h a l l  meet 
t h e  fo l lowing  r e q u i r e m e n t s  over 1090 + ~ - M H Z  when t h e  r e c e i v e d  pu l sed  
s i g n a l  o r i g i n a t e s  from a  source  l o c a t e d  a t  e i t h e r  azimuth a n g l e  
c o r r e s p o n d i n g  t o  a  r e l a t i v e  f i e l d  s t r e n g t h  of  -3 dB i n  t h e  sum 
p a t t e r n .  When t h e  pu l sed  s i g n a l  i s  a  s t a n d a r d  ATCRBS r e p l y  p u l s e  
w i t h  r i s e  and f a l l  t imes  of l e s s  than  55 nanoseconds ,  t h e  r i s e  
and f a l l  t imes  of  p u l s e s  r e c e i v e d  a t  t h e  sum and d i f f e r e n c e  p o r t s  
s h a l l  be l e s s  than  60 nanoseconds .  I n  a d d i t i o n ,  t h e  sum and 
d i f f e r e n c e  p u l s e s  s h a l l  be f l a t  t o  w i t h i n  -15% of  t h e i r  r e s p e c t i v e  
peak ampl i tudes  over  t h e  p u l s e  d u r a t i o n  (between t h e  90% ampl i tude  
p o i n t s  on t h e  l e a d i n g  and t r a i l i n g  e d g e s ) .  Between t h e  50% and 
90% ampl i tude  p o i n t s  of  t h e  sum p a t t e r n  o u t p u t  p u l s e ,  on bo th  
t h e  l e a d i n g  and t h e  t r a i l i n g  e d g e s ,  t h e  shape o f  t h e  d i f f e r e n c e  
p a t t e r n  o u t p u t  p u l s e  s h a l l  be t h e  same a s  t h a t  of t h e  sum p a t t e r n  
o u t p u t  p u l s e  t o  w i t h i n  + 10% of  t h e  sum p a t t e r n  o u t p u t  p u l s e .  
Between t h e  90% arnpl i tuze  p o i n t s  on t h e  l e a d i n g  and t r a i l i n g  edges  
o f  t h e  sum p a t t e r n  o u t p u t  p u l s e ,  t h e  shape of  t h e  d i f f e r e n c e  
p a t t e r n  o u t p u t  p u l s e  s h a l l  be t h e  same a s  t h a t  of t h e  sum p a t t e r n  
o u t p u t  p u l s e  t o  w i t h i n  - +5% of  t h e  sum p a t t e r n  o u t p u t  p u l s e .  

3 . 3 . 1 . 1 0  P a t t e r n  s q u i n t  and skew. - The fo l lowing  r e q u i r e m e n t s  
s h a l l  be met by t h e  sum p a t t e r n  over 1030 + 3.5  MHz and by b o t h  
t h e  sum and t h e  d i f f e r e n c e  p a t t e r n s  over  1890 + 5  MHz when t h e  a r r a y  
i s  mounted i n  i t  normal o p e r a t i o n a l  o r i en ta t io ; .  Over a l l  
e l e v a t i o n  a n g l e s  from -1 t o  +10 d e g r e e s ,  t h e  l o c a l  peak of  t h e  
sum p a t t e r n  s h a l l  l i e  w i t h i n  0 . 2  degrees  of t h e  p r i n c i p a l  e l e v a t i o n  
p l a n e .  Over a l l  e l e v a t i o n  a n g l e s  from +10 t o  +40 d e g r e e s ,  t h e  
l o c a l  peak of  t h e  sum p a t t e r n  s h a l l  l i e  w i t h i n  0 . 3  degrees  of 
t h e  p r i n c i p a l  e l e v a t i o n  p l a n e .  The n u l l  of t h e  d i f f e r e n c e  p a t t e r n  
s h a l l  l i e  w i t h i n  + 0 . 1  d e g r e e s ,  + 0 . 2  d e g r e e s ,  and + 0 . 3  degrees  
o f  t h e  p r i n c i p a l  e l e v a t i o n  plane-over t h e  e leva t ion-ang les  of  
-1 t o  + 3 ,  +3  t o  + l o ,  and +10 t o  +40 d e g r e e s  r e s p e c t i v e l y .  

With t h e  a r r a y  a n t e n n a  i n  i t s  normal ly  i n s t a l l e d  c o n f i g u r a t i o n  
on t h e  ASR a n t e n n a ,  t h e  p r i n c i p a l  e l e v a t i o n  p l a n e  of t h e  a r r a y  
s h a l l  be a l i g n e d  wi th  t h e  p r i n c i p a l  e l e v a t i o n  p l a n e  of  t h e  ASR 
a n t e n n a  t o  w i t h i n  - + 0 . 2  degrees  i n  azimuth f o r  a l l  a n g l e s  of  
a r r a y  t i l t .  



3 . 3 . 1 . 1 1  I n p u t  Connectors .  - A type  HN weatherproof  male c o a x i a l  
connec to r  i n  accordance  w i t h  MIL-C-3643 s h a l l  be used f o r  each RF 
i n p u t / o u t p u t  c o n n e c t o r .  These c o n n e c t o r s  s h a l l  be l a b e l l e d  " D i r e c t i o n a l " ,  
"Monopulse", o r  "SLS" a s  a p p r o p r i a t e  . The d i r e c t i o n a l  and SLS 
c o n n e c t o r s  s h a l l  be f i t t e d  wi th  weatherproof  c o v e r s .  The monopulse 
connec to r  s h a l l  be  f i t t e d  w i t h  a  weatherproof  t e r m i n a t i o n .  

3 . 3 . 2  Antenna mechanical  r e q u i r e m e n t s .  - I n  o r d e r  t o  minimize 
t h e  f o r c e s  and t o r q u e s  a p p l i e d  t o  t h e  ASR an tenna  sys tem t h a t  
w i l l  s u p p o r t  t h e  antenna-  s p e c i f i e d  h e r e i n ,  t h e  an tenna  s h a l l  
be a n  open a r r a y  c o n s t r u c t i o n  des igned  t o  r e d u c e  wind r e s i s t a n c e .  
The major mechanical  components of  t h e  an tenna  s h a l l  be t h e  a r r a y  
s t r u c t u r e  which s u p p o r t s  t h e  r a d i a t i n g  e lements  and houses  t h e  
n e c e s s a r y  f e e d  ne tworks ,  t h e  s u p p o r t  s t r u c t u r e  which i n t e r  f a c e s  
w i t h  t h e  a r r a y  s t r u c t u r e  and t h e  ASR an tenna  t o  h o l d  t h e  a r r a y  
s t r u c t u r e  i n  p l a c e ,  and t h e  mounting i n s t a l l a t i o n  k i t s  which 
i n c l u d e  a l l  b r a c k e t s  and m i s c e l l a n e o u s  i t ems  o f  hardware  n e c e s s a r y  
t o  i n t e r f a c e  and f a s t e n  t h e  a r r a y  s t r u c t u r e  and s u p p o r t  s t r u c t u r e  
t o  t h e  ASR a n t e n n a .  The b a c k - f i l l  r a d i a t o r  may mount on e i t h e r  
t h e  a r r a y  s t r u c t u r e  o r  t h e  s u p p o r t  s t r u c t u r e .  

The a r r a y  s t r u c t u r e  and/or  s u p p o r t  s t r u c t u r e  s h a l l  i n c o r p o r a t e  
f o o t  pads and hand h o l d s  i n  t h e  a r e a s  where t e c h n i c i a n s  w i l l  be r e q u i r e d  
t o  c l imb o n t o  and /o r  s t a n d  on the  i n s t a l l e d  an tenna  f o r  purposes  
of  an tenna  maintenance.  P r o v i s i o n s  f o r  s e c u r i n g  s a f e t y  b e l t s  
s h a l l  be i n c l u d e d  i n  those  a r e a s  where t e c h n i c i a n s  w i l l  be r e q u i r e d  
t o  work. 

A l l  hardware  n e c e s s a r y  f o r  comple te ly  i n s t a l  l i n g  t h e  an tenna  
on e i t h e r  a n  ASR-8 o r  an  ASR-41517 s h a l l  be s u p p l i e d  wi th  each 
a n t e n n a .  The a r r a y  s t r u c t u r e  and s u p p o r t  s t r u c t u r e  s h a l l  be u n i v e r s a l  
i n  t h e  s e n s e  t h a t  t h e s e  i tems s h a l l  be i d e n t i c a l  between ASR- 
8  and ASR-41517 i n s t a l l a t i o n s .  Two each mounting i n s t a l l a t i o n  
k i t s  s h a l l  be s u p p l i e d  w i t h  each  a n t e n n a .  One k i t  s h a l l  c o n t a i n  
a l l  i tems n e c e s s a r y  t o  f a c i l i t a t e  an  ASR-8 i n s t a l l a t i o n  and t h e  
second k i t  s h a l l  c o n t a i n  a l l  i tems n e c e s s a r y  t o  f a c i l i t a t e  a n  
ASR-41517 i n s t a l l a t i o n .  The ASR-4, ASR-5, and ASR-7 r e f l e c t o r s  
a r e  i d e n t i c a l  s o  t h a t  t h e  same mounting i n s t a l l a t i o n  k i t  can 
be  used f o r  each  of  t h e  t h r e e .  The ASR-4, ASR-5, and ASR-7 r a d a r s  
a r e  r e f e r r e d  t o  c o l l e c t i v e l y  h e r e i n  a s  t h e  ASR-41517 r a d a r .  

The a r r a y  s t r u c t u r e  s h a l l  be packed and shipped i n  two s e c t i o n s  , 
each  compris ing approx imate ly  one h a l f  of  t h i s  s t r u c t u r e ,  f o r  
assembly i n  t h e  f i e l d .  The s u p p o r t  s t r u c t u r e  s h a l l  be packed 
and sh ipped  s e p a r a t e l y .  A l l  i t ems  r e q u i r e d  f o r  comple te ly  assembl ing  
t h e  an tenna  i n  t h e  f i e l d  s h a l l  be p r o p e r l y  des igned  and marked, 
wi thou t  ambigu i ty ,  s o  a s  t o  e n s u r e  compliance wi th  a l l  r e q u i r e m e n t s  
o f  t h i s  s p e c i f i c a t i o n  when s o  assembled.  



3 . 3 . 2 . 1  Dimensional  and weight  r e s t r i c t i o n s .  - The o v e r a l l  d imensions  
of  t h e  a r r a y  s t r u c t u r e  s h a l l  n o t  exceed 65 i n c h e s  h i g h  bv 27 - .  
f e e t  long b; 18 i n c h e s  deep.  The complete  an tenna  s h a l l  weigh 
l e s s  t h a n  550 pounds.  No p a r t  of t h e  an tenna  w i l l  e x t e n d  more 
t h a n  8 i n c h e s  i n  f r o n t  of t h e  f r o n t  t o p  edge of  t h e  ASR r e f l e c t o r  
when t h e  ASR t i l t  i n d i c a t o r  i s  s e t  a t  z e r o  d e g r e e s  and t h e  a r r a y  
i s  t i l t e d  s o  t h a t  t h e  -6 dB p o i n t  on t h e  u n d e r s i d e  of  t h e  sum 
p r i n c i p a l  e l e v a t i o n  p l a n e  p a t t e r n  i s  on t h e  h o r i z o n .  

The v e r t i c a l  c r o s s  e e c t i o n  of t h e  a n t e n n a ,  a s  d e f i n e d  by t h e  
h o r i z o n t a l  p r o j e c t i o n  o f  t h e  i n s t a l l e d  a n t e n n a  o n t o  a  v e r t i c a l  
p l a n e  normal t o  t h e  p r o j e c t i o n ,  s h a l l  meet t h e  fo l lowing  r e q u i r e m e n t .  
The c r o s s  s e c t i o n  a t  a l l  a n g l e s  of  a n t e n n a  r o t a t i o n  and t i l t  s h a l l  
n o t  exceed 55 s q u a r e  f e e t  w i t h o u t  i c e  and s h a l l  n o t  exceed 85 
s q u a r e  f e e t  w i t h  t h e  a n t e n n a  comple te ly  c o a t e d  w i t h  4 inch  of  
r a d i a l  i c e .  

With t h e  a r r a y  s t r u c t u r e  and b a c k - f i l l  r a d i a t o r  a t  z e r o  degrees  
t i l t  ( p a r a .  3 . 3 . 2 . 3 1 ,  t h e  h o r i z o n t a l  c r o s s  s e c t i o n  of t h e  an tenna  as  
d e f i n e d  by t h e  v e r t i c a l  p r o j e c t i o n  of  t h e  i n s t a l l e d  a n t e n n a  o n t o  a  h o r i z ~ . ~ ,  '21 
p l a n e ,  s h a l l  be l e s s  t h a n  60 square  f e e t  wi th  t h e  an tenna  comple te ly  
c o a t e d  w i t h  % inch  of r a d i a l  i c e .  

3 . 3 . 2 . 2  F i n i s h .  - Except f o r  t h e  n e c e s s a r y  masking of p a r t s  
such a s  e l e c t r i c a l  c o n n e c t o r s ,  a l l  e x t e r i o r  s u r f a c e s  s h a l l  b e  
f i n i s h e d  i n  accordance  wi th  FAA-STD-012. P a i n t  system FS-3, 25-3 ,  
o r  AS-3 s h a l l  be u s e d .  The f i n i s h  c o a t  s h a l l  be a v i a t i o n  o rcngs  
( c o l o r  No. 12197) i n  accordance  wi th  F e d e r a l  S t a n d a r d  595. A l l  
h o r i z o n t a l  members of  t h e  a r t  ay s t r u c t u r e  and t h e  s u p p o r t  s t r i i c  t u : : ~  
which w i l l  n o t  s u p p o r t  t h e  f u l l  weight of  p e r s o n n e l  working on 
t h e  a n t e n n a  s h a l l  be  s t e n c i l e d  "No Step"  u s i n g  b l a c k  l e t t e r i n g  
a t  l e a s t  1-inch h i g h .  The C o n t r a c t o r  s h a l l  e n s u r e  t h a t  t h e  e x t e r i o r  
f i n i s h  s e l e c t e d  doe8 n o t  i n t e r  £ e r e  wi th  t h e  e l e c t r i c a l  performance 
of  t h e  a n t e n n a .  

3 . 3 . 2 . 3  T i l t  p r o v i s i o n s .  - The euppor t  s t r u c t u r e  and/or  t h e  
a r r a y  s t r u c t u r e  s h a l l  i n c l u d e  p r o v i s i o n s  f o r  t i l t i n g  t h e  a r r a y  
s t r u c t u r e  s o  t h a t  t h e  -6 dB p o i n t  on t h e  u n d e r s i d e  o f  t h e  p r i n c i p a l  
e l e v a t i o n  p l a n e  sum p a t t e r n  can be  r a i s e d  6 d e g r e e s  and lowered 
5 d e g r e e s  wi th  r e s p e c t  t o  t h e  h o r i z o n t a l  when t h e  e x i s t i n g  mounting 
pads a t  t h e  t o p  o f  t h e  ASR r e f l e c t o r  a r e  h o r i z o n t a l .  The back- 
f i l l  r a d i a t o r  s h a l l  be  independen t ly  t i l t a b l e  eo t h a t  t h e  -6 
dB p o i n t  on t h e  u n d e r s i d e  o f  t h e  p r i n c i p a l  e l e v a t i o n  p l a n e  p a t t e r n  of  
t h e  b a c k - f i l l  r a d i a t o r  can be r a i s e d  3 degrees  and lowered 3  
d e g r e e s  with r e s p e c t  t o  t h e  h o r i z o n t a l  when t h e  e l e v a t i o n  a n g l e  
o f  t h e  -6 dB p o i n t  on t h e  u n d e r s i d e  o f  t h e  p r i n c i p a l  e l e v a t i o n  
p l a n e  sum p a t t e r n  i s  anywhere between -2 and +2 d e g r e e s .  

The a r r a y  s t r u c t u r e  i s  a t  r e r o  d e g r e e s  t i l t  vhen t h e  -6 dB p o i n t  on the 
u n d e r s i d e  o f  t h e  p r i n c i p a l  e l e v a t i o n  p lane  sum p a t t e r n  i r  on t h e  h o r i z o n .  



The b a c k - f i l l  r a d i a t o r  i s  a t  z e r o  degrees  t i l t  when t h e  -6 dB 
p o i n t  on t h e  u n d e r s i d e  of  t h e  p r i n c i p a l  e l e v a t i o n  p lane  b a c k - f i l l  
r a d i a t o r  p a t t e r n  i s  on t h e  h o r i z o n .  When t h e  a r r a y  s t r u c t u r e  
( b a c k - f i l l  r a d i a t o r )  i s  a t  z e r o  d e g r e e s  t i l t ,  t h e  mechanical  
t i l t  of  t h e  a r r a y  s t r u c t u r e  ( b a c k - f i l l  r a d i a t o r )  s h a l l  be  t h e  
same f o r  a l l  an tennas  t o  w i t h i n  + 0 . 5  d e g r e e .  A t  i n s t a l l a t i o n ,  
i t  s h a l l  be p o s s i b l e  t o  mechan ica l ly  a d j u s t  t h e  a r r a y  s t r u c t u r e  
and the  b a c k - f i l l  r a d i a t o r  f o r  z e r o  degrees  t i l t  wi th  an  accuracy  
o f  + 0 . 6  degrees  w i t h o u t  t h e  use  of  any e l e c t r i c a l  measurements.  
 he-accuracy w i t h  which subsequent  t i l t  a d j u s t m e n t s  can be made 
s h a l l  be - + 0 . 2  d e g r e e s .  

The t i l t  mechanisms f o r  t h e  a r r a y  s t r u c t u r e  and t h e  b a c k - f i l l  
r a d i a t o r  s h a l l  i n c l u d e  t i l t  i n d i c a t o r s  w i t h  a d j u s t a b l e  s c a l e s .  
The t i l t  i n d i c a t o r s  s h a l l  be g r a d u a t e d  i n  0 . 2  deg i n c r e m e n t s .  
The s c a l e  of  t h e  a r r a y  s t r u c t u r e  t i l t  i n d i c a t o r  s h a l l  be  a d j u s t a b l e  
t o  t h e  n e g a t i v e  of t h e  ASR t i l t  i n d i c a t o r  r e a d i n g  s o  t h a t  t h e  
e l e v a t i o n  a n g l e ,  w i t h  r e s p e c t  t o  t h e  h o r i z o n ,  of t h e  zero-degree  
p o i n t  on t h e  p r i n c i p a l  e l e v a t i o n  p l a n e  of  t h e  sum p a t t e r n  can 
be computed a s  t h e  sum of  t h e  ASR and a r r a y  s t r u c t u r e  t i l t  i n d i c a t o r  
r e a d i n g s .  The s c a l e  on t h e  b a c k - f i l l  r a d i a t o r  t i l t  i n d i c a t o r  
s h a l l  be s i m i l a r l y  a d j u s t a b l e  s o  t h a t  t h e  e l e v a t i o n  a n g l e ,  w i t h  
r e s p e c t  t o  t h e  h o r i z o n t a l ,  of  t h e  -6 p o i n t  on t h e  u n d e r s i d e  
of  t h e  p r i n c i p a l  e l e v a t i o n  p lane  of  t h e  b a c k - f i l l  r a d i a t i o n  p a t t e r n ,  
can  be computed a s  t h e  sum o f  up t o  t h r e e  t i l t  i n d i c a t o r  r e a d i n g s  
( i . e . ,  t h e  r e a d i n g s  of  t h e  ASR, a r r a y  s t r u c t u r e ,  and b a c k - f i l l  
r a d i a t o r  i n d i c a t o r s ) .  T i l t  a n g l e s  a r e  p o s i t i v e  upwards. 

The t i l t  mechanisms f o r  t h e  a r r a y  s t r u c t u r e  and t h e  b a c k - f i l l  r a d i a t o r  
s h a l l  p rov ide  p o s i t i v e  c o n t r o l  of t i l t  a n g l e  th roughout  t h e  t i l t  a d j u s ~ -  
ment procedure  and s h a l l  i n c l u d e  p r o v i s i o n s  f o r  p o s i t i v e l y  l o c k i n g  t h e  
r e s p e c t i v e  r a d i a t i n g  systems a t  t h e  d e s i r e d  t i l t  a n g l e s .  The t i l t  
mechanisms s h a l l  be  a c c e s s i b l e ,  and e a s i l y  o p e r a b l e  w i t h o u t  s p e c i a l  t o o l s ,  
by one t e c h n i c i a n .  
3 . 3 . 2 . 4  S t r u c t u r a l  r e q u i r e m e n t s ,  - The s t r u c t u r a l  d e s i g n  of  
t h e  an tenna  s h a l l  e n s u r e  t h a t  under t h e  most s e v e r e  o p e r a t i n g  
c o n d i t i o n s  wi th  r o t a t i o n a l  speeds  up t o  15 rpm, and under t h e  
s u r v i v a l  c o n d i t i o n s  of  p a r a .  3 . 2 . 1 ,  t h e  s a f e t y  f a c t o r s  (based 
on s t r e s s  l e v e l s )  i n  t h e  s t r u c t u r e  s h a l l  be a  minimum of 2 .0 .  

The d e f l e c t i o n s  of t h e  a r r a y  a s  mounted on a r i g i d  ASR r e f l e c t o r  
under t h e  most s e v e r e  o p e r a t i n g  c o n d i t i o n s ,  w i t h  r o t a t i o n a l  speeds  
up t o  15  rpm,  s h a l l  s a t i s f y  t h e  fo l lowing  r e q u i r e m e n t s  wi th  r e s p e c t  
t o  t h e  nominal  a r r a y  s t r u c t u r e  con tour  d e f i n e d  by t h e  C o n t r a c t o r .  
The d e f l e c t i o n s  ot t h e  t i p s  of  t h e  a r r a y  measured i n  t h e  h o r i z o n t a l  
p lane  s h a l l  be l e s s  than  314 i n c h ,  and t h e  d e f l e c t i o n s  i n  t h e  
h o r i z o n t a l  p l a n e  a t  a d i s t a n c e  midway between t h e  v e r t i c a l  c e n t e r  
l i n e  o f  t h e  a r r a y  and t h e  t i p s  o f  t h e  a r r a y  s h a l l  be l e s s  than  % 
i n c h .  The h o r i z o n t a l  d e f l e c t i o n  of  t h e  a r r a y  a t  i t s  v e r t i c a l  
c e n t e r  l i n e  s h a l l  be l e s s  t h a n  3/8  i n c h .  The e l e v a t i o n  a n g l e s  
o f  t h e  -6 dB p o i n t s  on t h e  u n d e r s i d e  of  t h e  sum and b o c k - f i l l  



r a d i a t i o n  p a t t e r n s  on t h e  r e s p e c t i v e  p r i n c i p a l  e l e v a t i o n  p l a n e s  
s h a l l  v a r y  l e s s  t h a n  0 . 5  deg and t h e  peak o f  t h e  sum p a t t e r n  
s h a l l  d e f l e c t  l e s s  t h a n  0 . 3  degree  i n  azimuth.  

3 . 3 . 2 . 5  Mechanical  r e s t r i c t i o n s .  A minimum of machining :>f 
t h e  ASR r e f  l e c t o r  s t r u c t u r e  s h a l l  be r e a u i r e d  f o r  t h e  i n s t a l  1 .:-.tion 
of  t h e  a n t e n n a s .  The e x i s t i n g  mounting p l a t e s  a t  the  top  o f  
ASR r e f l e c t o r s  ( F i g .  1 )  s h a l l  be employed t o  suppor t  t h e  p r in r? . ?e l .  
v e r t i c a l  l o a d s .  

The l o a d s  imposed on t h e  ASR an tenna  group under maximum 
o p e r a t i n g  c o n d i t i o n s  a t  1 2 . 5  rpm, and under s u r v i v a l  cond i t :~ : : :  
wi th  winds l i m i t e d  t o  110 k n o t s ,  s h a l l  meet t h e  following requrrc2i-i n t s .  
The minimum s a f e t y  f a c t o r  (based  on s t r e s s  l e v e l s )  i n  t h e  , '3R 
r e f l e c t o r  s t r u c t u r e  s h a l l  be g r e a t e r  than  1 . 5 .  Under maximuc, 
o p e r a t i n g  c o n d i t i o n s  a t  1 2 . 5  rpm, t h e  d e f l e c t i o n s  of t h e  ASR 
r e f l e c t o r  ( w i t h  i t s  i c e  and wind l o a d )  from t h e  s t a t i c  c u r v a e t r e  
s h a l l  n o t  exceed 2 k inch  a t  t h e  c e n t e r  and +1 inch  a t  t h e  t i b  
and t h e  d e v i a t i o n  i n  r a d i a l  d i s t a n c e  from t h e  f o c a l  p o i n t  t o  
t h e  top  of t h e  r e f l e c t o r  i n  t h e  symmetr ical  c e n t e r  l i n e  p lane  
through t h e  f o c a l  p o i n t  s h a l l  n o t  exceed +3 /8  i n c h .  ASR pedestal b e a r i n g  
s t r e s s e s  s h a l l  n o t  exceed 90% of t h e  s t r e s s  a t  which d e t e c t a b l e  
b r  i n e l  1 i n g  occur s . I n  a d d i t i o n ,  under maximum o p e r a t i n g  csnd t i ocs 
a t  12 .5  rpm, t h e  p e d e s t a l  peak and average d r i v e  r e q u l r e ? w n t : ;  s h d l l  
n o t  exceed l e v e l s  60% above those  r e q u i r e d  f o r  r o t a t i n g  the ASK 
r e f l e c t o r s  wi th  a s t a n d a r d  FAA Hogtrough an tenna  under t h e  sane 
env i ronmenta l  c o n d i t i o n s .  

3 . 3 . 3  F i l t e r  e l e c t r i c a l  r e q u i r e m e n t s .  - Each an tenna  s h a l l  :- 
s u p p l i e d  w i t h  a  matched p a i r  o f  f ixed- tuned  low-pass RF f i l ~ e r s .  
The purpose o f  each  f i l t e r  s h a l l  be t o  a t t e n u a t e  incomicg RF 
energy  (auch as may be r e c e i v e d  from a c o l o c a t e d  r a d a r )  s mi:limm 
of  50 dB over  t h e  r a n g e  of 1280 t o  11 ,000  MHz. The a t t e n u a t i o n  
t o  t r a n s m i t t e r  RF energy  throughout  t h e  r a n g e  o f  1026.5 t o  1033 .5  
MHz s h a l l  n o t  exceed 0 . 5  dB and t!le a t t e n u a t i o n  t o  r e c e i u e d  liT' 
energy  throughout  t h e  range  o f  1085 t o  1095 MHz s h a l l  n o t  pxr celi 
1 . 0  dB. The i n p u t  VSWR of each f i l t e r  over t h e  f requency rar.pe 
from 1026.5  t o  1033.5 MHz s h a l l  be l e s s  than  1 . 2 5 : l  and ovei- 
t h e  f requency  range  from 1085 t o  1095 MHz s h a l l  be l e s s  than 
1 . 5 : l .  Each f i l t e r  s h a l l  be c a p a b l e  o f  c o n t i n u o u s l y  t r anso i : t i r .x ,  
w i t h o u t  breakdown, a  peak power of 15,000 w a t t s  a t  a 1 . 0  p e r c e n t  
d u t y  c y c l e  a t  any f requency between 1026.5 and 1033.5 MHz. E b i 5  
f i l t e r  s h a l l  be capab le  of w i t h s t a n d i n g  t h e  e l e c t r o m a g n e t i c  r a d i = + - '   LO^ 

environment of p a r a .  3 . 2 . 1  when connected t o  e i t h e r  t h e  s m  ; o ;  t r,:- 

d i f f e r e n c e  p o r t  o f  t h e  a r r a y  an tenna .  

Each matched p a i r  o f  f i l t e r s  s h a l l  meet t h e  fo l lowing  requireulents  -ve r  
1085 t o  1095 MHz. The phase s h i f t  through t h e  f i l t e r s  s h a l l  
be t h e  same t o  w i t h i n  10 degrees  and t h e  i n s e r t i o n  l o s s e s  s h a ! ;  
t h e  same t o  w i t h i n  0 .2  dB. When a s t a n d a r d  ATCRBS r e p l y  



p u l s e  w i t h  r i s e  and f a l l  t imes  of l e s s  than  55 nanoseconds i s  
a p p l i e d  t o  e i t h e r  f i l t e r ,  t h e  r i s e  and f a l l  t imes  of t h e  o u t p u t  
p u l s e  s h a l l  be l e s s  than  60 nanoseconds.  I n  a d d i t i o n ,  t h e  o u t p u t  
p u l s e s  s h a l l  be f l a t  t o  w i t h i n  -15% of  t h e  peak ampl i tude  over 
t h e  p u l s e  d u r a t i o n  ( i . e . ,  between t h e  90% ampl i tude  p o i n t s  on 
t h e  l e a d i n g  and t r a i l i n g  edges  of  t h e  p u l s e ) .  detween t h e  50% 
and 90% ampl i tude  p o i n t s  on the  l e a d i n g  and t r a i l i n g  edges  of 
t h e  o u t p u t  p u l s e s  of  t h e  matched f i l t e r  p a i r ,  t h e  two p u l s e  shapes  
s h a l l  be same w i t h i n  + l o %  of t h e  o u t p u t  p u l s e  shape of one of 
t h e  f i l t e r s .  ~ e t w e e n - t h e  90% ampl i tude  p o i n t s  on t h e  l e a d i n g  
and t r a i l i n g  edges of t h e  o u t p u t  p u l s e s ,  t h e  two p u l s e  shapes  s h a l l  
be  t h e  same t o  w i t h i n  +5% o f  t h e  o u t p u t  p u l s e  shape of  one of - 
t h e  f i l t e r s .  

A s e r i e s  HN weatherproof  female c o a x i a l  connec to r  s h a l l  be provided 
a t  t h e  a n t e n n a  end of  each  f i l t e r  and a  s e r i e s  HN weatherproof  
male c o a x i a l  connec to r  s h a l l  be provided a t  t h e  o t h e r  end .  HN 
c o n n e c t o r s  s h a l l  be i n  accordance  w i t h  MIL-C-3643. 

3 . 3 . 4  F i l t e r  mechanical  r e q u i r e m e n t s .  - Each f i l t e r  s h a l l  be a s  
smal l  and compact a s  p r a c t i c a b l e .  The female connec to r  of one 
f i l t e r  s h a l l  connec t  d i r e c t l y  t o  t h e  sum p o r t  connec to r  of t h e  
a n t e n n a  w i t h o u t  t h e  use  o f  any i n t e r v e n i n g  c a b l e  or  a d a p t e r .  
The o t h e r  f i l t e r  of  t h e  matched p a i r  s h a l l  connect  d i r e c t l y  t o  
t h e  d i f f e r e n c e  p o r t  connec to r  of t h e  an tenna  w i t h o u t  t h e  use  
of  any i n t e r v e n i n g  c a b l e  or  a d a p t e r .  The an tenna  s h a l l  i n c l u d e  
p r o v i s i o n s  f o r  mechan ica l ly  s u p p o r t i n g  t h e  f i l t e r s  (when connected 
a s  d e s c r i b e d  above) i n  accordance  wi th  t h e  env i ronmenta l  c o n d i t i o n s  
of  p a r a .  3 . 2 . 1 .  P r o v i s i o n s  f o r  a d e q u a t e l y  s u p p o r t i n g  t h e  RF c a b l e s  
t h a t  connect  t o  t h e  f i l t e r s  w i l l  a l s o  be i n c l u d e d .  These RF 
c a b l e s  may be e i t h e r  RG-218 o r  RG-214 and t h e  C o n t r a c t o r  s h a l l  
p rov ide  means of s u p p o r t i n g  both  type c a b l e s  a t  b o t h  f i l t e r s .  

The f i l t e r s  and a s s o c i a t e d  hardware s h a l l  be f i n i s h e d  i n  accordance 
w i t h  p a r a .  3 . 3 . 2 . 2 .  

3 . 3 . 5  Rotary  j o i n t  e l e c t r i c a l  r e q u i r e m e n t s .  - The C o n t r a c t o r  
s h a l l  p rov ide  r o t a r y  j o i n t s  i n  t h e  q u a n t i t i e s  p r e s c r i b e d  by t h e  
c o n t r a c t .  Each r o t a r y  j o i n t  s h a l l  meet t h e  e l e c t r i c a l  r eqLi rements  
below. Each r o t a r y  j o i n t  s h a l l  have 6  RF s e c t i o n s  ( c h a n n e l s )  
t h r e e  of which s h a l l  be u t i l i z e d  by t h e  ASR and t h r e e  of which 
s h a l l  be u t i l i z e d  by t h e  ATCRBS a r r a y  a n t e n n a .  A l l  s e c t i o n s  
s h a l l  be c o n s t r u c t e d  w i t h  non-con tac t ing  j o i n t s .  A l l  s e c t i o n s  
of  t h e  r o t a r y  j o i n t  s h a l l  t r a n s f e r  energy wi thou t  change of  p o l a r i z a t i o n  
th rough  360 deg r o t a t i o n  of  t h e  j o i n t .  The i s o l a t i o n  between 
a l l  s e c t i o n s  of  t h e  j o i n t  s h a l l  be no l e s s  than  50 dB. 

The r o t a r y  j o i n t  s h a l l  meet t h e  fo l lowing  r e q u i r e m e n t s  throughout  
360 d e g r e e s  o f  r o t a t i o n .  



Frequency range  

Peak powerr 
Unpressur ized 
P r e s s u r i z e d  

Duty c y c l e  
Maximum VSWR 
VSWR change o v e r  360' 

r o t a  t i o n  
I n s e r t i o n  l o s s  

Phase s h i f t  change over  
360' r o t a t i o n  

I n p u t - o u t p u t  c o n n e c t o r s  

NOTE 1: Throughout t h e  

S e c t i o n  1 
2.7.-2.9 GHz 

0 .2  dB max 

5  d e g .  

Waveguide 

S e c t i o n  2&3 S e c t i o n  4 ,  5 ,  66 
2 . 7 - 2 . 9  GHz 1.026-1034 MHz 

1085-1095 MEiz 

# , 2 , 0 . 5  dB max 0 . 7 5  dB max 
# 3 , 0 . 7 5  dB max (Note 1 )  
5 d e g .  5  d e g .  

(Note 1 )  
#2, Waveguide 50 ohm c o a x i a l  
#3,50 ohm c o a x i a l  c a b l e  
c a b l e  

f requency  range from 1026.5  t o  1033.5  MHz, t h e  
i n s e r t i o n  l o s s  of  s e c t i o n s  4 and 5  s h a l l  be t h e  same t o  w i t h i n  0 . 1  dB 
and t h e  phase  s h i f t  th rough  t h e s e  two s e c t i o n s  s h a l l  be  same t o  w i t h i n  
5  d e g r e e s .  Throughout t h e  f requency  range  from 1085 t o  1095 MHz, t h e  
i n s e r t i o n  l o s s  o f  s e c t i o n s  4 and 6  s h a l l  be t h e  same t o  w i t h i n  0 . 1  dB 
and t h e  phase  s h i f t  th rough  t h e s e  two s e c t i o n s  s h a l l  be t h e  same t o  
w i t h i n  5  d e g r e e s .  S e c t i o n s  4 and 6 s h a l l  meet t h e  f o l l o w i n g  a d d i t i o n a l  
r e q u i r e m e n t s  when a  s t a n d a r d  ATCRBS r e p l y  p u l s e  hav ing  r i s e  and f a l l  t imes  
l e s s  t h a n  55 nanoseconds i s  t r a n s m i t t e d  through t h e s e  s e c t i o n s .  The r i s e  
and f a l l  t imes  of  t h e  o u t p u t  p u l s e s  s h a l l  be l e s s  t h a n  60 nanoseconds and 
t h e  o u t p u t  p u l s e s  s h a l l  be f l a t  t o  w i t h i n  -15% of  t h e i r  r e s p e c t i v e  peak 
a m p l i t u d e s  o v e r  t h e  p u l s e  d u r a t i o n  ( t h a t  i s ,  between t h e  90% ampl i tude  
p o i n t s  on t h e  l e a d i n g  and t r a i l i n g  e d g e s ) .  Between t h e  50% and 90% 
a m p l i t u d e  p o i n t s  o n  t h e  l e a d i n g  and t r a i l i n g  edges  of t h e  o u t p u t  p u l s e s ,  
t h e  p u l s e  shapes  i n  s e c t i o n s  4 and 6 s h a l l  be t h e  same t o  w i t h i n  +lo% of 
t h e  o u t p u t  p u l s e  a m p l i t u d e  of  one of  t h e  two s e c t i o n s .  Between t h e  90% 
a m p l i t u d e  p o i n t s  on t h e  l e a d i n g  and t r a i l i n g  edges  of t h e  o u t p u t  p u l s e s ,  
t h e  two p u l s e  shapes  s h a l l  be  t h e  same t o  w i t h i n  f 5% o f  t h e  o u t p u t  p u l s e  
ampl i tude  o f  one of  t h e  two s e c t i o n s .  



A l l  c o n n e c t o r s  aad waveguide p o r t s  s u p p l i e d  on t h e  r o t a r y  j o i n t  
s h a l l  be  t h e  same a s  those  c u r r e n t l y  employed on ASR-8 r o t a r y  
j o i n t s .  The r o t a r y  j o i n t  w i l l  be s u p p l i e d  wi th  weatherproof  
c o v e r s  on a l l  c o n n e c t o r s  and waveguide p o r t s .  S e c t i o n  2 , 3 ,  and 
6 w i l l  be s u p p l i e d  wi th  weatherproof  RF t e r m i n a t i o n s  i n s t a l l e d  
on t h e  s t a t i o n a r y  i n p u t  p o r t s .  The i n p u t  and o u t p u t  c o n n e c t o r s  
of  s e c t i o n  4  s h a l l  be l a b e l l e d  "Beacon D i r e c t i o n a l " .  The i n p u t  
and o u t p u t  c o n n e c t o r s  of  s e c t i o n  5 s h a l l  be l a b e l l e d  "SLS". 
The i n p u t  and o u t p u t  c o n n e c t o r s  s f  s e c t i o n  6 s h a l l  be l a b e l l e d  
"Monopulse". The i n p u t  and o u t p u t  p o r t s  of  s e c t i o n  1 s h a l l  be 
l a b e l l e d  "High Power". The inpu t  and o u t p u t  p o r t s  of s e c t i o n  
2 s h a l l  be l a b e l l e d  "Low Power". 

A s l i p  r i n g  assembly p r o v i d i n g  12 each  one-wire c i r c u i t s  each 
c a p a b l e  of  h a n d l i n g  120 v o l t s  a t  5 amps, 60 Hz, s h n l l  be provided 
a s  an  i n t e g r a l  p a r t  of t h e  r o t a r y  j o i n t .  The assembly s h a l l  
be r e l i a b l e  and e a s i l y  a d j u s t a b l e  w i t h  a  u s e f u l  s l i p  r i n g  b rush  
l i f e  of a t  l e a s e  25,000 hours  o p e r a t i o n  wi thou t  a d j u s t m e n t .  
The l eakage  r e s i s t a n c e  between a d j a c e n t  s l i p  r i n g  c i r c u i t s  s h a l l  
be L O O  megohms o r  g r e a t e r .  

The s l i p  r i n g  i n p u t  and o u t p u t  c o n n e c t o r s  on t h e  r o t a r y  j o i n t  
s h a l l  be MS c o n n e c t o r s  i d e n t i c a l  t o  those  c u r r e n t l y  employed 
on ASR-415, ASR-7, and ASR-8 r o t a r y  j o i n t s .  These c o n n e c t o r s  
s h a l l  be  i n t e r c o n n e c t e d  through t h e  s l i p  r i n g  t e r m i n a l  b l o c k s  
and b rushes  such t h a t  s i g n a l  p a t h s  from t h e  p i n s  of  t h e  i n p u t  
connec to r  t o  t h e  p i n s  of  t h e  o u t p u t  connec to r  a r e  i d e n t i c a l  t o  
t h o s e  c u r r e n t l y  employed on ASR-8 r o t a r y  j o i n t s .  

3 . 3 . 6  Rota ry  j o i n t  mechanical  r e q u i r e m e n t s .  - The r o t a r y  j o i n t  
s h a l l  mount i n  ASR-4, ASR-5, ASR-7 and ASR-8 r a d a r s  w i t h o u t  m o d i f i c a t i o n  
o f  e i t h e r  t h e  ASR p e d e s t a l  o r  t h e  r o t a r y  j o i n t .  The r o t a r y  j o i n t  
s h a l l  i n t e r f a c e  p r o p e r l y  w i l l  a l l  s e a l s  c u r r e n t l y  employed between t h e  
r o t a r y  j o i n t  and t h e  p e d e s t a l  i n  ASR-4, ASR-5, ASR-7, and ASR- 
8 r a d a r s .  Adapter f i x t u r e s  may be employed a s  r e q u i r e d .  A l l  
a d a p t e r  f i x t u r e s  r e q u i r e d  f o r  i n s t a l l i n g  t h e  r o t a r y  j o i n t  i n  
any of  t h e  f o u r  ASR r a d a r s  s h a l l  i n c l u d e  p r o v i s i o n s  f o r  p r o p e r l y  
mounting and d r i v i n g  a l l  azimuth p u l s e  g e n e r a t o r s  and o t h e r  a n c i l l a r y  
equipments c u r r e n t l y  i n t e r f a c i n g  w i t h  s t a n d a r d  ASR-4, ASR-5, 
ASR-7, o r  ASR-8 r o t a r y  j o i n t s .  As i n  t h e  ASR-8, p r o v i s i o n s  s h a l l  
be  made f o r  s e t t i n g  t h e  azimuth r e f e r e n c e  p u l s e  of  t h e  azimuth 
p u l s e  g e n e r a t o r s  t o  any a n g l e  of r o t a r y  j o i n t  r o t a t i o n .  Weatherproof 
p r o t e c t i v e  c o v e r s  f o r  a l l  mechanical  i n p u t / o u t p u t  p o r t s  
s h a l l  be p rov ided  and i n s t a l l e d  by t h e  C o n t r a c t o r .  

The p o s i t i o n s  and types  of  a l l  c o n n e c t o r s  and waveguide p o r t s  
s h a l l  be compat ib le  w i t h  e x i s t i n g  s t a n d a r d  ASR-4, ASR-5, ASR- 
7 ,  and ASR-8 i n s t a l l a t i o n s  i n  t h a t  i t  s h a l l  be p o s s i b l e  t o  i n s t a l l  
t h e  r o t a r y  j o i n t  and make a l l  e l e c t r i c a l  c o n n e c t i o n s  s a t i s f a c t o r i l y  
w i t h o u t  modifying e x i s t i n g  c a b l e  o r  waveguide r u n s  beyond t h e  
i n s t a l l a t i o n  of cab le lwavegu ide  a d a p t e r  components. A l l  such cable lwaveguide  
a d a p t e r  components r e q u i r e d  f o r  comple te ly  i n s t a l l i n g  t h e  r o t a r y  j o i n t  



a t  any s t a r  LA.. ti 45R-4, A S K - 5 ,  ASK-7, o r  ASR-8 r a d a r  s h a l l  be 
s u p p l i e d  w i  r L  2c~ch.  rora:-y j o r n t  . The number of a d a p t e r  components 
s h a l l  be  h e l d  c o  t h e  lowest  p o s s i b l e .  

The r o t a r y  j o i n r  s h a l l  be capab le  of r o t a t i n g  c o n t i n u o u s l y  i n  
bo th  t h e  c lockwise  =!nd Z l . 2  coun te rc lockwise  d i r e c t i o n s  a t  speeds  
up t o  1 2 . 5  rpm and s h a l l  n o t  depend upon ASR an tenna  group components 
t o  m a i n t a i n  mechanical  a! igriinent . 

The r o t a r y  j o i n t  % h a i l  b e  c - ~ n s t r u c t e d  b a s i c a l l y  of aluminum a l l o y  
and s h a l l  be chemlc ; i ly  t r e a t e d  t o  p r o t e c r  a g a i n s t  c o r r o s i o n .  
The f i n i s h  s h a l l  be even and f r e e  of b u r r s ,  r o u g h n e s s ,  and u n d e s i r a b l e  
marks and s c r a t c h e s  on a i l  m t e r i o r  and e x t e r i o r  s u r f a c e s .  
The e x t e r i o r  p a i n t  s h s l l  be i n  accordance wi th  p a r a .  3 . 3 . 2 . 2 .  
P r o v i s i o n s  s h a l l  b e  mad+ t~ p r o t e c t  a g a i n s t  e l e c t r o l y t i c  a c t i o n  
t a k i n g  p l a c e  due t o  c o n t a c t  of d i s s i m i l a r  m e t a l s  w i t h i n  t h e  
j o i n t  o r  a t  c o n n e c t i o n  p o i n t s  w i t h i n  t h e  RF sys tems .  The r o t a r y  
j o i n t  s h a l l  be weatherproof  and d u s t  t i g h t .  A l l  RF energy 
h a n d l i n g  s u r f a c e s  s h a l  ! n o t  use f i n g e r  s t o c k  or  l i k e  m a t e r i a l  
a s  a  mechanical  -jo-:nt t h a t i s  s u b j e c t  t o  movement d u r i n g  r o t a t i o n .  

I f  p e r i o d i c  l u b r i c a t i o n  of any p a r t  of t h e  r o t a r y  j o i n t  i s  r e q u i r e d ,  
r e a d i l y  a c c e s s i b l e  p r o v i s i o n s  s h a l l  be provided on t h e  s t a t i o n a r y  
p o r t i o n  of t h e  r o t a r y  j o i n t .  I t  must be  p o s s i b l e  t o  perform 
such l u b r i c a t i o n  wi th  t h e  r o t a r y  j o i n t  i n s t a l l e d  and t h e  an tenna  
r o t a t i n g .  L u b r i c a t i o n  of t h e  r o t a r y  j o i n t  s h a l l  n o t  be r e q u i r e d  
more o f t e n  than  once e v e r y  s i x  months o f  c o n t i n u o u s  o p e r a t i o n .  
The d e s i g n  of  t h e  r o t a r y  j o i n t  s h a l l  e n s u r e  t h a t  a  l e a k i n g  l u b r i c a n t  
s e a l  cannot  r e s u l t  i n  l u b r i c a n t  f lowing  i n t o  t h e  RF p o r t i o n s  
o f  t h e  j o i n t  when t h e  j o i n t  i s  mounted i n  i t s  normal o p e r a t i o n a l  
o r i e n t a t i o n .  

An a c c e s s  p o r t  wi th  weather  proof  cover f o r  s l i p  r i n g  and b rush  
maintenance s h a l l  be provided on t h e  s t a t i o n a r y  p o r t i o n  of  t h e  
r o t a r y  j o i n t .  Brushes must be  r e p l a c e a b l e  through t h i s  a c c e s s  
p o r t .  The a c c e s s  p o r t  cover s h a l l  be permanently and l e g i b l y  
marked on the  e x t e r i o r  s u r f a c e  i n  %-inch h i g h  l e t t e r s  wi th  
t h e  f o l l o w i n g :  "SLIP R I N G  ACCESS, CAUTION, 120 VOLTS". 

A l l  r o t a r y  j o i n t  channe l s  s h a l l  be c a p a b l e  of b e i n g  p r e s s u r i z e d  
t o  5 PSlG. A s i n g l e  f i t t i n g  on t h e  s t a t i o n a r y  p o r t i o n  of  t h e  
j o i n t  s h a l l  be p rov ided  f o r  connec t ing  t h e  p r e s s u r e  s u p p l y .  
T h i s  f i t t i n g  s h a l l  be e a s i l y  a c c e s s i b l e  when t h e  r o t a r y  j o i n t  
i s  i n s t a l l e d .  The j o i n t  s h a l l  n o t  l o s e  more t h a n  1 . 0  P S I  i n  1 
hour when p r e s s u r i z e d  t o  5 PSIG and r o t a t e d  a t  1 2 . 5  rpm. I n t e r c h a n n e l  
l eakage  i s  p e r m i s s i b l e .  The c o a x i a l  c a b l e  c o n n e c t o r s  on t h e  
r o t a r y  j o i n t  s h a l l  be p r e s s u r e  t i g h t  s o  t h a t  p r e s s u r e  l eakage  
from t h e  r o t a r y  j o i n t  w i l l  n o t  occur i f  one o r  more u n p r e s s u r i z e d  
c o a x i a l  c a b l e s  a r e  connec ted .  Waveguide windows f o r  m a i n t a i n i n g  
p r e s s u r e  w i t h i n  t h e  r o t a r y  j o i n t  when unpressur  i z e d  waveguides 
a r e  connected a r e  not r e q u i r e d .  



P e r i o d i c  maintenance checks and a d j u s t m e n t s ,  and maintenance and 
rep lacement  of s l i p  r i n g  b rushes  and t h e  azimuth p u l s e  g e n e r a t o r  ( s )  
s h a l l  be p o s s i b l e  wi th  t h e  r o t a r y  j o i n t  i n s t a l i e d  i n  t h e  ASR 
p e d e s t a l  . 
3 . 4  T e s t  and maintenance equipment r e q u i r e m e n t s .  - The C o n t r a c t o r ' s  
d e t a i l e d  maintenance p l a n  (pa ragraph  4 . 4 . 2 )  s h a l l  l i s t  a l l  s p e c i a l  
t o o l s ,  f i x t u r e s ,  and t e s t  equiprnents r e q u i r e d  f o r  f i e l d  maintenance 
a c t i v i t i e s  and s h a l l  p rov ide  a  s i m i l a r  l i s t  f o r  a l l  depot  maintenance 
a c t i v i t i e s .  A l l  s p e c i a l  t o o l s ,  f i x t u r e s ,  zud t e s t  equipments 
r e q u i r e d  f o r  f i e l d  maintenance of  t h e  an tenna  and f i l t e r  ( r o t a r y  
j o i n t )  and n o t  r e a d i l y  a v a i l a b l e  on t h e  open market  from a t  l e a s t  
one s o u r c e  a s  a  s t a n d a r d  s t o c k  i t em wi thou t  m o d i f i c a t i o n  s h a l l  
be s u p p l i e d  wi th  each an tenna  ( r o t a r y  j o i n t ) .  S p e c i a l  t o o l s ,  
f i x t u r e s ,  and t e s t  equipments r e q u i r e d  f o r  depot  maintenance 
a c t i v i t i e s  and n o t  r e a d i l y  a v a i l a b l e  on t h e  open market  from a t  
l e a s t  one s o u r c e  a s  a s t a n d a r d  s t o c k  i t em wi thou t  m o d i f i c a t i o n  
s h a l l  be s u p p l i e d  i n  accordance wit.h t h e  p r o v i s i o n s  of t h e  c o n t r a c t .  

The C o n t r a c t o r  s h a l l  minimize t h e  number of s p e c i a l  equipments  
r e q u i r e d  t o  i n s t a l l ,  r e p a i r ,  o p e r a t e ,  a d j u s t  and m a i n t a i n  t h e  a n t e n n a ,  
f i l t e r ,  and r o t a r y  j o i n t .  

3 . 5 .  M a t e r i a l s  and c o n s t r u c t i o n  r e q u i r e m e n t s .  - Modular c o n s t r u c t i o n  
s h a l l  be used t o  f a c i l i t a t e  maintenance and p a r t s  r ep lacement .  
The an tennas  s h a l l  be easy  t o  d i sassemble  a s  r e q u i r e d  f o r  ma in tenance ,  
i n s p e c t i o n  and r e p a i r .  

3 . 5 . 1  P r i n t e d  c i r c u i t  b o a r d s .  - A l l  RF p r i n t e d  c i r c u i t  boards  
( e . g . ,  s t r i p - l i n e  network b o a r d s )  s h a l l  be i n  accordance  w i t h  
MIL-P-19161 o r  MIL-P-13949 ( b a s e  m a t e r i a l  GR o r  GX). 

3 . 5 . 2  Drain  h o l e s  - The an tenna  s h a l l  be equipped wi th  d r a i n  
h o l e s  s o  l o c a t e d  t h a t  water  and /o r  condensed m o i s t u r e  cannot  
c o l l e c t  when t h e  an tenna  i s  i n  i t s  normal o p e r a t i n g  p o s i t i o n  
a t  any a n g l e  of  t i l t  under t h e  s e r v i c e  c o n d i t i o n s  of  p a r a .  3 . 2 . 1 .  
A l l  d r a i n  h o l e s  s h a l l  be sc reened  t o  p r e v e n t  t h e  e n t r y  of i n s e c t s .  

3 . 5 . 3  Threads  i n  aluminum and magnesium a l l o y s .  - Threading 
of  aluminum a l l o y  i n t o  aluminum a l l o y  o r  magnesium a l l o y  i n t o  
magnesium a l l o y  s h a l l  n o t  be  p e r m i t t e d  i n  t h e  c o n s t r u c t i o n  
of  t h e  equipment s p e c i f i e d  h e r e i n .  Whenever p o s s i b l e ,  s t a i n l e s s  s t e e l  
i n s e r t s  w i l l  be used i n  tapped h o l e s  i n  aluminum. 

3 . 5 . 4  Thread p r o j e c t i o n  and engagement. - Whenever p r a c t i c a l ,  
screws and b o l t s  s h a l l  ex tend  a t  l e a s t  1-% t h r e a d s  beyond t h e  
n u t  or  e q u i v a l e n t  engaging p a r t ,  and maximum e x t e n s i o n  s h a l l  
not. exceed 1-% t h r e a d s  p l u s  118 inch  f o r  screws up t o  1 inch  



i n  l e n g t h  and k i n c h  p l u s  I-$ t h r e a d s  f o r  screws over 1 inch 
i n  l e n g t h .  Thread engagement i n  tapped p a r t s  o t h e r  than  n u t s  
s h a l l  be a  minimum t h r e a d  l e n g t h  equa l  t o  the  d iamete r  of  the  
screw o r  b o l t .  

3 . 5 . 5  Locking and s a f e t y  w i r i n g  of  screw t h r e a d  a s s e m b l i e s .  
A l l  screw t h r e a d  a s s e m b l i e s  s h a l l  be p r o p e r l y  secured  and . - 

s h a l l  be capable of w i t h s t a n d i n g  v i b r a t i o n  under o p e r a t i o n a l  and 
n o n - o p e r a t i o n a l  c o n d i t i o n s .  A l l  i n t e r n a l  b o l t s ,  sc rews ,  and 
f a s t e n e r s  w i t h i n  t h e  a n t e n n a ,  f i l t . e r ,  and r o t a r y  j o i n t  s h a l l  
be s a f e t y  wi red  o r  f i t t e d  w i t h  lock  n u t s  t o  p r e c l u d e  t h e i r  loosen ing  
or  disengagement d u r i n g  o p e r a t i o n .  

3 .5 .6  Connec to r s .  - A l l  c o n n e c t o r s  s h a l l  have so lde r -on  c e n t e r  
c o n t a c t s  and a l l  c e n t e r  c o n t a c t s  s h a l l  be s o l d e r e d  9 n .  A l l  c e n t e r  c o n t a c t s  
s h a l l  b e  c a p t u r e d  w i t h i n  t h e  connec to r  body i f  such c o n n e c t o r s  a r e  a v a i l a b l e  
f o r  t h e  s e r i e s  s e l e c t e d  by t h e  C o n t r a c t o r .  A l l  connec to r  b o d i e s  
s h a l l  be  s t a i n l e s s  ( i . e . ,  c o r r o s i o n  r e s i s t a n t )  s t e e l .  Unless  
o t h e r w i s e  s p e c i f i e d  h e r e i n ,  a l l  c o n n e c t o r s  s h a l l  be s e r i e s  TNC,  
N ,  or  SMA and s h a l l  meet a l l  r e q u i r e m e n t s  of  MIL-C-39012 a s s o c i a t e d  
w i t h  connec to r  m a t e r i a l s ,  d e s i g n  and c o n s t r u c t i o n ,  env i ronmenta l  
performance,  e l e c t r i c a l  c h a r a c t e r i s t i c s , a n d  workmanship. 

A l l  c o n n e c t o r s  i n s i d e  t h e  an tenna  s h a l l  be e i t h e r  packed wi th  
a  s i l i c o n e  compound meet ing t h e  r e q u i r e m e n t s  of  MIL-S-8660 or  
s h a l l  be  e x t e r n a l l y  s e a l e d  wi th  a  m o i s t u r e  p r o o f i n g  m a t e r i a l  
meet ing t h e  r e q u i r e m e n t s  o f  MIL-A-46146 or  MIL-1-81550. Connectors  
s h a l l  n o t  be v a r n i s h e d .  - 
The d i r e c t i o n a l ,  monopulse,  and SLS an tenna  i n p u t / o u t p u t  c o n n e c t o r s  
s h a l l  be l o c a t e d  i n  a  p r o t e c t e d  p o s i t i o n  or  p rov ided  w i t h  a  p r o t e c t i v e  
guard  s o  t h a t : ( a )  at  a l l  a n g l e s  of an tenna  t i l t ,  r a i n  w i l l  n o t  f a l l  
d i r e c t l y  on t h e s e  c o n n e c t o r s  and water  w i l l  n o t  accumulate  around t h e  
c o n n e c t o r s ,  ( b )  t h e  c o n n e c t o r s  a r e  e a s i l y  a c c e s s i b l e  f o r  c o n n e c t i n g  
and d i s c o n n e c t i n g  c a b l e s  and f i l t e r s ,  and f o r  t a p i n g ,  and ( c )  
t h e  c o n n e c t o r s  canno t  be e a s i l y  damaged d u r i n g  a n t e n n a  h a n d l i n g  
and i n s t a l l a t i o n  ( e . g . ,  by l a y i n g  t h e  a r r a y  s t r u c t u r e  on i t s  
b a c k ) .  

3 . 5 . 7  S t r i p  l i n e  e n c a p s u l a t i o n .  - A l l  s t r i p - l i n e  networks s h a l l  
be sandwiched between two each  3/32-inch t h i c k  ( o r  t h i c k e r )  aluminum 
p l a t e s  each of  which i s  t h e  f u l l  l e n g t h  and width of t h e  p r i n t e d  
c i r c u i t  b o a r d ( s ) .  A l l  s t r i p - l i n e  network a s s e m b l i e s  which a r e  
n o t  s u b s e q u e n t l y  p o t t e d  a s  p a r t  of a  l a r g e r  assembly s h a l l  t h e n  
be p o t t e d  i n  a  s i l i c o n e  rubber  s e a l a n t  i n  accordance  w i t h  MIL- 
A-46146 o r  MIL-1-81550. I n  o r d e r  t o  improve s e a l a n t  a d h e s i o n ,  
t h e  s t r i p - l i n e  assembly s h a l l  be  t r e a t e d  w i t h  a  primer recommended 
by t h e  s e a l a n t  manufac tu re r  p r i o r  t o  p o t t i n g .  



3 . 5 . 8  M i c i a ~ . ~ ~ ~ ~ e r ~ ~ . a p s u l a t i o n .  - A l l  m i c r o s t r i p  networks  s h a l l  
be backed wi th  an aluminum p l a t e  118-inch t h i c k  or  t h i c k e r  which 
i s  t h e  f u l l  l e n g t h  and width of  t h e  p r i n t e d  c i r c u i t  board .  A 1 1  
m i c r o s t r i p  a ssembl ies  which a r e  n o t  subsequen t ly  p o t t e d  a s  p a r t  . 
of  a  l a r g e r  assembly sitall  then  be c o a t e d  wi th  a  mois tu re -p roof ing  
s e a l a n t .  

3 .5 .9  S e a l i n  and gsskicet*, -With t h e  e x c e p t i o n  of d r a i n  h o l e s  
( p a r a .  3 . 5 h a r l  ~ s t r u r t u r e  and b a c k f i l l  r a d i a t o r  s h a l l  
be comple te ly  s e a l e d  crircl gaske ted  a g a i n s t  t h e  e n t r y  of  w a t e r .  

3 . 5 . 1 0  E l e c t r o n i c s  eat- . losures.  - A l l  an tenna  f e e d  networks  and ----- 
a s s o c i a t e d  c o n n e c t o r s  and c a b l e  a s s e m b l i e s  s h a l l  be housed i n  
aluminum e n c l o s u r e s .  The e n c l o s u r e s  s h a l l  have s u f f i c i e n t  s t r e n g t h  
and r i g i d i t y  t o  p reven t  damage t o  t h e s e  equipments under t h e  environmental  
c o n d i t i o n s  of  p a r a .  3 . 2 . 1 .  

3 . 5 . 1 1  S l i d i n g  c o n t a c t s . -  With t h e  e x c e p t i o n  of  t h e  r o t a r y  j o i n t  
s l i p  r i n g s  ( p a r a .  3 . 3 . 5 1 ,  e l e c t r i c a l  components w i t h  s l i d i n g  c o n t a c t s  
s h a l l  n o t  be  employed i n  t h e  c o n s t r u c t i o n  of t h e  a n t e n n a ,  f i l t e r ,  
o r  r o t a r y  j o i n t .  

3 . 5 . 1 2  Terminal .  - Terminals  and t e r m i n a l  l u g s  s h a l l  be i n  accordance 
w i t h  Requirement 1 9 ,  MIL-STD-454. 

3 . 5 . 1 3  Bear ings .  - Only r o l l i n g  c o n t a c t  b e a r i n g s  s h a l l  be used.  
Bear ings  s h a l l  have a  minimum l i f e  expectancy of 50,000 h o u r s  
and s h a l l  be i n  accordance wi th  MIL-STD-454, Requirement 6 .  

3 .5 .14  Reques t s  f o r  approva l  (RFA I s ) -  W A ' s  s h a l l  be submi t t ed  
i n  accordance  w i t h  p a r a .  1 -3 .14 .8  of  FAA-G-2100/1. Each RFA submi t t ed  
s h a l l  i n c l u d e  a  comprehensive d e s c r i p t i o n  of  t h e  s u b j e c t  p a r t  
t o  i n c l u d e  drawings and d e f i n i t i o n  of t h e  m a t e r i a l s ,  c o n s t r u c t i o n ,  
and mounting t o  be employed. The C o n t r a c t o r ' s  e x p e r i e n c e  w i t h  
i d e n t i c a l  o r  s i m i l a r  p a r t s  s h a l l  be c i t e d  t o  i n c l u d e  summaries 
of  r e c e n t  environmental  t e s t  r e s u l t s  where a v a i l a b l e .  A l l  FAA 
and m i l i t a r y  s p e c i f i c a t i o n s  a p p l i c a b l e  t o  t h e  p a r t ,  t h e  m a t e r i a l s  
i n  t h e  p a r t ,  t h e  c o n s t r u c t i o n  of  t h e  p a r t  and t h e  t e s t i n g  of t h e  
p a r t  s h a l l  be l i s t e d  and t h e  C o n t r a c t o r  s h a l l  s t a t e  which, i f  
any,  o f  t h e s e  s p e c i f i c a t i o n s  s h a l l  be adhered t o  i n  f a b r i c a t i n g  
t h e  p a r t .  The C o n t r a c t o r  s h a l l  p rov ide  a  c o n c i s e  summary of r e a s o n s  
f o r  n o t  a d h e r i n g  t o  a p p l i c a b l e  FAA and /o r  m i l i t a r y  s p e c i f i c a t i o n s  
when such s p e c i f i c a t i o n s  a r e  a v a i l a b l e .  



3 . 6  R e l i a h i J l " l y  .--- and m a i n t a i n a b i l i t y  r e q u i r e m e n t s .  - The u s e f u l  
s e r v i c e  l i f e  of  ~ h e  a n t e n n a ,  f i l t e r ,  and r o t x y  j o i n t  s p e c i f i e d  
h e r e i n  s h a l l  be 20 y e a r s  of  con t inuous  o p e r a t i o n .  A l l  components 
t h a t  can  r e a s o n a b l y  f a i l  wi th  rlormal use  under t h e  env i ronmenta l  
c o n d i t i o n s  of t h i s  s p e c i f i c a t i o n  s h a l l  be r e p l a c e a b l e .  A l l  exposed 
RF components such a s  r a d i a t i 3 g  e lements  and r e f l e c t o r s  which 
can be damaged by a c c i d e n t s  nnA/or s e v e r e  s torms s h a l l  be r e p l a c e a b l e  
i n  t h e  f i e l d  w i t h o u t  s o l d e r i n g ,  w i t h o u t  d ismount ing t h e  an tenna  
from t h e  ASR r e f l e c t o r ,  and w i t h o u t  d i sassembl ing  t h e  a n t e n n a .  
I n d i v i d u a l  r a d i a t i n g  e lements  s h a l l  bq r e p l a c e a b l e  i n  1 5  minu tes  
o r  l e s s .  

3 . 6 . 1  R e l i a b i l i t y  r e q u i r e m e n t s .  - The mean t ime between f a i l u r e s  
f o r  t h e  a n t e n n a  and a s s o c i a t e d  f i l t e r s  (as  a sys tem) s h a l l  be 
40 ,000  h o u r s .  The mean t ime between f a i l u r e s  f o r  t h e  r o t a r y  j o i n t  
( n o t  i n c l u d i n g  b rush  wear)  s h a l l  be 40,000 h o u r s .  Rotary  j o i n t  
b rush  l i f e  s h a l l  be 2 5 , C O O  h o u r s .  

3 . 6 . 2  M a i n t a i n a b i l i t y  r e q u i r e m e n t s .  - The t ime r e q u i r e d  t o  m a i n t a i n  
one a n t e n n a ,  w i t h  i t s  a s s o c i a t e d  f i l t e r s ,  over t h e  20-year s e r v i c e  
l i f e  s h a l l  be l e s s  than  1000 man h o u r s .  The t ime r e q u i r e d  t o  
m a i n t a i n  one r o t a r y  j o i n t  over i t s  20-year s e r v i c e  l i f e  s h a l l  
be l e s s  t h a n  250 man h o u r s .  These maintenance t imes  i n c l u d e  a l l  
depo t  and f i e l d  a c t i v i t i e s  a s s o c i a t e d  wi th  p r e v e n t a t i v e  main tenance ,  
c o r r e c t i v e  maintenance,  performance checks ,  and r e f u r b i s h m e n t .  
The maintenance t imes  a l s o  i n c l u d e  t h e  t ime r e q u i r e d  t o  dismount 
and mount t h e  equipments  i n  t h e  f i e l d  i n s o f a r  a s  t h e s e  a c t i v i t i e s  
a r e  a s s o c i a t e d  wi th  maintenance.  

3 . 7  I n s t r u c t i o n  books - I n s t r u c t i o n  books ,  manuscr ip t  copy,  and 
r e p r o d u c i b l e  a r twork  s h a l l  be f u r n i s h e d  i n  accordance  w i t h  FAA- 
D-2494 ( a l l  p a r t s ) .  The s i z e  of  t h e  i n s t r u c t i o n  books ( w i t h  c o v e r s  
c l o s e d  and a l l  f o l d - o u t s  s towed)  s h a l l  be 8 . 5  i n c h e s  by 11 i n c h e s .  

The maintenance and s t ep-by-s tep  i n s t a l l a t i o n  i n s t r u c t i o n s  i n  
t h e  i n s t r u c t i o n  book s h a l l  be s u f f i c i e n t  t o  pe rmi t  FAA t e c h n i c i a n s  
t o  i n s t a l l  and t o  comple te ly  t r o u b l e s h o o t  and r e p a i r  t h e  equipments .  
A l l  s p e c i a l s  t o o l s ,  f i x t u r e s ,  and t e s t  equipments r e q u i r e d  f o r  
i n s t a l l a t i o n  and main tenance ,  bu t  n o t  s u p p l i e d  by t h e  C o n t r a c t o r  
under t h i s  s p e c i f i c a t i o n ,  s h a l l  be  l i s t e d  and d e s c r i b e d  i n  t h e  
i n s t r u c t i o n  books.  

The i n s t r u c t i o n  books s h a l l  i n c l u d e  c o p i e s  of Level  2 i n s t a l l a t i o n  
and maintenance drawings  i n  accordance  w i t h  MIL-D-1000. These 
drawings  s h a l l  i n c l u d e  exploded-view r e p r e s e n t a t i o n s  of  t h e  p h y s i c a l  
r e l a t i o n s h i p s  among t h e  v a r i o u s  b a s i c  p a r t s ,  subassembl ies ,  a s s e m b l i e s ,  
and u n i t s  t h a t  comprise e a c h  equipment.  



Two complete i n s t r u c t i o n  books s h a l l  be suppl ied .  One i n s t r u c t i o n  
book s h a l l  f u l l y  document t he  r o t a r y  j o i n t  and the  second i n s t r u c t i o n  
book s h a l l  f u l l y  document the  antenna and a s soc i a t ed  f i l t e r s .  
Each i n s t r u c t i o n  book s h a l l  be suppl ied  i n  two volumes. One volume 
(Volume 11) s h a l l  con ta in  a l l  depot maintenance procedures t o  
inc lude  t roubleshoot ing  i n s t r u c t i o n s  and support ing d a t a  a s  wel l  
a s  refurbishment  i n s t r u c t i o n s .  The o ther  volume (Volume I )  of 
each i n s t r u c t i o n  book s h a l l  con ta in  the remainder of the  information 
r equ i r ed  by FAA-D-2494. The number of copies  of each volume of 
each i n s t r u c t i o n  book s h a l l  be i n  accordance with the  c o n t r a c t .  

A l l  i n s t r u c t i o n  book m a t e r i a l s  s h a l l  be v a l i d a t e d  i n  accordance 
with FAA-D-2494. The Contractor  s h a l l  v a l i d a t e  the  i n s t a l l a t i o n  
i n s t r u c t i o n s  for  t he  antenna (with a s soc i a t ed  f i l t e r s )  and the 
r o t a r y  j o i n t  a s  fol lows:  ( a )  a  comprehensive engineer ing  review 
of t he  i n s t r u c t i o n s  s h a l l  be per formed by Contractor  personnel , 
and (b )  the  Contractor  s h a l l  s imula te  the  i n s t a l l a t i o n  of the  
equipment a t  the  Con t r ac to r ' s  p l a n t  by phys i ca l l y  p lac ing  each 
p iece  of hardware i n  a  p o s i t i o n  r e p r e s e n t i n g  i t s  proper i n s t a l l e d  
p o s i t i o n  and s imula t ing  the  performance of every t o o l  ope ra t i on  
us ing  the  a c t u a l  t o o l  in tended .  The FAA w i l l  wi tness  or  monitor 
a l l  v a l i d a t i o n  a c t i v i t i e s .  

The Contractor  s h a l l  supply d r a f t  manuscript for  review,  r e v i s e d  
d r a f t  manuscript for  approva l ,  and copies  of d r a f t  manuscript for  
d i s t r i b u t i o n  i n  accordance with the c o n t r a c t .  Draf t  manuscript 
for  review must inc lude  the  complete t e x t  but  may no t  have a l l  
t h e  necessary i l l u s t r a t i o n s  . The r e v i s e d  d r a f t  manuscript for  
approval  and the  copies  of  d r a f t  manuscript for  d i s t r i b u t i o n  must 
inc lude  l e g i b l e  copies  of a l l  i l l u s t r a t i o n s  along with the  complete 
t e x t .  



4. QUALITY ASSURANCE PROVISIONS 

4.1 Design q u a l i f i c a t i o n  t e s t s . -  One antenna,  one p a i r  of matched antenna 
f i l t e r s ,  and one r o t a r y  j o i n t  w i l l  be subjected t o  des ign  q u a l i f i c a t i o n  
t e s t s  i n  accordance wi th  para.  1-4.3.2 of FAA-G-2100/1. The e l e c t r i c a l  
r a t i n g s  of a l l  components s h a l l  be v e r i f i e d  by a n a l y s i s .  These r a t i n g  
v e r i f i c a t i o n s  s h a l l  demonstrate t h a t  t he  electromagnet ic  r a d i a t i o n  and 
power handling capac i ty  requirements of t h i s  s p e c i f i c a t i o n  have been met. 

4.1.1 Antenna e l e c t r i c a l  t e s t s , -  The following e l e c t r i c a l  t e s t s  s h a l l  - 
be performed. 

4 .1 .1 , l  P a t t e r n  t e s t s . -  Antenna p a t t e r n  t e s t s  s h a l l  c o n s i s t  of the  
fol lowing : 

Tes t  Reference paragraph 

Sum e l eva t ion  p a t t e r n  
Dif fe rence  e l e v a t i o n  p a t t e r n s  
SLS e l eva t ion  p a t t e r n s  and phase 
Sum azimuth p a t t e r n s  
Dif fe rence  azimuth p a t t e r n s  
Error  azimuth p a t t e r n s  and post-hybrid 

phase 
SLS azimuth p a t t e r n s  
Gain 
Pulse d i s t o r t i o n  
Squint  and skew 
Cross p o l a r i z a t i o n  

Over each frequency band (103O-t 3 .5 MHa o r  109O-t 5 MHz) a t  which p a t t e r n  
performance i s  s p e c i f i e d ,  pa t tF rns  w i l l  be recoFded a t  t h r e e  f requencies  
corresponding t o  t h e  two extremes and the  midpoint of t he  frequency band. 
The sum e l eva t ion  p a t t e r n  i s  t h e r e f o r e  t o  be recorded a t  s i x  f requencies  
(1026.5, 1030, 1033.5, 1085, 1090, and 1095 MHz).  A l l  p a t t e r n  c u t s  
s h a l l  be over t h e  f u l l  range of angles  f o r  which performance i s  s p e c i f i e d  
here in .  Azimuth p a t t e r n s  s h a l l  gene ra l ly  be recorded in  5-degree s t e p s  
of e l eva t ion  from the  lowest e l e v a t i o n  angle a t  which p a t t e r n  performance 
i s  s p e c i f i e d  t o  t h e  h ighes t ;  an azimuth cu t  a t  zero  degrees e l e v a t i o n  
s h a l l  be included i n  every case ,  A l l  azimuth p a t t e r n s  s h a l l  inc lude  
both  normal and c r o s s  p o l a r i z a t i o n  mearuremente. The SLS e l eva t ion  p a t t e r n s  
s h a l l  be measured a t  f i v e  azimuth angles  equal ly  spaced over 360 degrees 
and s h a l l  be measured over 360 deg, a long the  v e r t i c a l  plane through the  
cen te r  of t h e  a p e r t u r e  and t h e  l o c a l  peak of t he  SL9 p a t t e r n  a t  zero degrees 
e l e v a t i o n  a s  we l l  a s  a long t h e  p r i n c i p a l  e l eva t ion  plane. 

In  a d d i t i o n  t o  t h e  p a t t e r n s  spec i f i ed  above, t h e  fol lowing SLS p a t t e r n s  
s h a l l  be recorded a t  1030 and 1090 MHz and de l ive red  t o  t h e  Government. For each 
combination of f ront - to-back  amplitude r a t i o  (4  each) and phase s h i f t  
( 7  each) ,  t h e  Cont rac tor  s h a l l  measure 8L8 e l e v a t i o n  plane p a t t e r n s  over 
360 deg. a long t h e  v e r t i c a l  plane throuah t h e  cen te r  of t h e  a p e r t u r e  and 



t h e  l o c a l  peak of t h e  SLS p a t t e r n  a t  z e r o  deg.  e l e v a t i o n  a s  w e l l  a s  a long  
t h e  p r i n c i p a l  e l e v a t i o n  p l a n e .  For each ampl i tude  and phase combinat ion,  
t h e  C o n t r a c t o r  s h a l l  a l s o  measure 360 azimuth p a t t e r n s  a t  -2 deg.  e l e v .  and 
i n  5 degree  s t e p s  from 0  t o  75 deg.  e l e v a t i o n .  Each SLS p a t t e r n  he re  
d e s c r i b e d  f o r  measurement s h a l l  be  recorded  f o r  two c o n d i t i o n s  a s  f o l l o w s :  
( a )  w i t h  on ly  t h e  SLS p o r t  of t h e  an tenna  d r i v e n  ( o r  r e c o r d e d )  and ( b )  
w i t h  t h e  SLS and sum p o r t s  d r i v e n  ( o r  r ecorded)  s imul taneous ly  such t h a t  
t h e  r e s u l t i n g  p a t t e r n  r e p r e s e n t s  t h e  power d e n s i t y  i n  f r e e  space  w i t h  
t h e  SLS and sum p o r t s  s i m u l t a n e o u s l y  e x c i t e d  i n  phase d t  e q u a l  i n p u t  
power l e v e l s .  

The 1090 MHz,  t h e  C o n t r a c t o r  s h a l l  measure and r e c o r d  t h e  p o s t - h y b r i d  
phase  over  360 d e g r e e s  i n  az imuth i n  5-degree  s t e p s  from 0  deg t o  + 70 
deg.  e l e v a t i o n .  

For a l l  p a t t e r n  t e s t s  performed under t h i s  pa ragraph ,  t h e  an tenna  s h a l l  
be  a t t a c h e d  t o  a  C o n t r a c t o r - f a b r i c a t e d  s t r u c t u r e  t h a t  r e p r e s e n t s  t h e  
e n t i r e  t o p  s u r f a c e  of t h e  ASR-8 r e f l e c t o r  t o  i n c l u d e  t h e  mounting p l a t e s  
of F i g u r e  1. The purpose  i n  i n c l u d i n g  t h i s  s t r u c t u r e  w i t h  t h e  an tenna  
d u r i n g  t h e  p a t t e r n  t e s t s  i s  t o  i n s u r e  t h a t  t h e  performance requ i rements  
of  t h i s  s p e c i f i c a t i o n  w i l l  be  met when t h e  an tenna  i s  mounted on ASR 
r e f l e c t o r s .  

4.1.1.2 Other  e l e c t r i c a l  t e s t s . -  The VSWR a t  t h e  sum and SLS c o n n e c t o r s  
s h a l l  be measured a t  1026.5 ,  1030,  1033.5, 1085,  1090, and 1095 MHz and 
t h e  VSWR a t  t h e  d i f f e r e n c e  connec to r  s h a l l  be  measured a t  1085,  1090, and 
1095 MHz ( p a r a .  3.3.1.  5 ) .  

The power hand l ing  c a p a b i l i t y  a t  each an tenna  connec to r  s h a l l  be  v e r i f i e d  
by r e c o r d i n g  (pho tograph ing)  forward and r e f l e c t e d  p u l s e  waveforms a t  
200 w a t t s  peak and 15,000 w a t t s  peak a t  1 . 0  p e r c e n t  d u t y  c y c l e .  P u l s e  
r i s e  t imes  s h a l l  be  l e s s  than  70 nanoseconds.  VSWR measurements a t  t h e  
f r e q u e n c i e s  l i s t e d  above s h a l l  be  measured and recorded  a t  15,000 w a t t s  
peak i n p u t  power. 

4.1.2 E l e c t r i c a l  element t e s t i n g .  - The impact  s t r e n g t h  of r a d i a t i n g  and 
o t h e r  e l e c t r i c a l  e l ements  t h a t  ex tend  from t h e  an tenna  s t r u c t u r e  w i l l  
be v e r i f i e d  a g a i n s t  t h e  h a i l  r equ i rements  of  pa ra .  3.2.1. One each 
e lement  of each such t y p e  employed on t h e  an tenna  s h a l l  be s u b j e c t e d  t o  
100 impacts  each s i m u l a t i n g  a  d i r e c t  h i t  by a 1 i n c h  h a i l  s t o n e  a t  60 
f e e t  p e r  second. The s i m u l a t e d  impacts  s h a l l  r e p r e s e n t  a  h a i l  s t o n e  
f a l l i n g  v e r t i c a l l y  and a t  20° from t h e  v e r t i c a l  o n t o  t h e  e lement .  A t  
t h e  c o n c l u s i o n  o f  impact t e s t i n g ,  t h e  VSWR of  each r a d i a t i n g  element 
t e s t e d  s h a l l  be measured and s h a l l  be l e s s  than  1 . 5 : 1  a t  t h e  nominal  
impedance of  t h e  e lement .  Each element s h a l l  be c a r e f u l l y  i n s p e c t e d  
f o l l o w i n g  t e s t i n g  and t h e r e  s h a l l  be no ev idence  of  mechanical  f a i l u r e  
o r  d e t e r i o r a t i o n  i n  p r o t e c t i v e  c o v e r i n g s  beyond t h e  l o s s  of s u r f a c e  
f i n i s h . '  



4 .1 .3  Q u a l i f i c a t i o n  of  mechan ica l  d e s i g n . -  The s i z e  a n d  weight  r equ i rements  
of  p a r a .  3 .3 .2 .1  )nail be v a l i d a t e d  by d i r e c t  measurement on a  p r o d u c t i o n  
a n t e n n a .  A n a l y s i s  s h a l l  be employed to  v a l i d a t e  ~ h r  p r o j e c t e d  a r e a  
requ i rement  ( p a r a .  7 . 3 . 1 . 1 ) .  

Comprehensive s t r u c t u r a l  a n a l y s e s  of t h e  a r r a y  s t r u c t u r e  a s  mounted on 
ASR-4/5, ASR-7, and ASR-8 r a d a r s  s h a l l  b e  employed t o  v e r i f y  t h a t  t h e  
f o l l o w i n g  s t r u c t u r a l  r equ i rements  and r n ~ c h a n i c a l  r e s t r i c t i o n s  have been 
met .  

Requirement Reference  paragraph 

Ar ray  s a f e t y  f a c t o r  
Array d e f l e c t i o n s  
ASR s a f e t y  f a c t o r  
ASR d e f l e c t i o n s  
ASR b e a r i n g  s t r e s s  
P e d e s t a l  d r i v e  requ i rement  

These  a n a l y s e s  s h a l l  i n c l l d e  d e t a i l e d  load computat ions  f o r  t h e  s t r u c t u r a l  
e l ements  of t h e  a r r a y  a n t e n n a  and t h e  ASR r e f l e c t o r .  The  load  computa t ions  
s h a l l  be v e r i f i e d  by wind t u n n e l  t e s t  d a t a  f o r  a  1 1 1 0 - s c a l e  model ( o r  
l a r g e r  model) of  t h e  ASR-8 an tenna  group w i t h  t h e  a r r a y  an tenna  mounted 
on t o p .  Wind t u n n e l  d a t a  w i t h  a  model of t h e  s t a n d a r d  FAA Hogtrough 
mounted on t h e  ASR-8 s h a l l  be i n c l u d e d  i n  t h e  v a l i d a t i o n  of t h e  p e d e s t a l  
d r i v e  r e q u i r e m e n t s  ( p a r a .  3 . 3 . 2 . 5 ) .  Wind t u n n e l  load d a t a  s h a l l  be 
c o l l e c t e d  w i t h  t h e  model bo th  s t a t i o n a r y  and r o t a t i n g  a t  a  speed r e p r e s e n t i n g  
12 .5  rpm i n  t h e  f u l l - s c a l e  sys tem.  Wind t u n n e l  d a t a  f o r  b o t h  t h e  maximum 
o p e r a t i n g  and s u r v i v a l  c o n d i t i o n s  o f  p a r a .  3 . 2 . 1  s h a l l  be measured and 
r e c o r d e d .  

The d e f l e c t i o n  performance of t h e  a r r a y  an tenna  w i l l  be  v a l i d a t e d  a g a i n s t  
t h e  r e q u i r e m e n t s  of  pa ra .  3 .3 .2 .4  by means of a  s t a t i c  load t e s t  of  a  
p r o d u c t i o n  a r r a y  s t r u c t u r e  w i t h  i t s  a s s o c i a t e d  suppor t  s t r u c t u r e .  T h i s  
t e s t  s h a l l  a p p l y  l o a d s  r e p r e s e n t a t i v e  of maximum a r r a y  d e f l e c t i o n s  under  
t h e  most  s e v e r e  o p e r a t i n g  c o n d i t i o n s  a s  e s t a b l i s h e d  by t h e  C o n t r a c t o r ' s  
a n a l y s i s  and v e r i f i e d  by wind t u n n e l  d a t a .  T h i s  s t a t i c  load t e s t  s h a l l  
demons t ra te  t h a t  t h e  a r r a y  r e t u r n s  t o  i t s  o r i g i n a l  con tour  ( t o  w i t h i n  
t h e  C o n t r a c t o r ' s  f l a t n e s s  t o l e r a n c e s )  when t h e  load i s  removed. I n  
a d d i t i o n  t o  t h e  s t r u c t u r a l  a n a l y s i s  and t e s t i n g  r e q u i r e d  above,  t h e  
C o n t r a c t o r  s h a l l  p rov ide  comprehensive a n a l y s e s  o f  t h e  s t a t i c  and dynamic 
mechan ica l  l o a d s  on and d e f l e c t i o n s  of any exposed e l e c t r i c a l  components 
such a s  r e f l e c t i n g  e lements  o r  s c r e e n s  and r a d i a t i n g  e lements .  These 
a n a l y s e s  s h a l l  demons t ra te  t h a t  t h e s e  components w i l l  s u r v i v e  t h e  e n v i r o n -  
menta l  c o n d i t i o n s  of pa ra .  3.2.1 w i t h o u t  f r a c t u r e  o r  permanent deformat ion.  

A l l  a n a l y s e s  and t e s t  d a t a  r e q u i r e d  t o  q u a l i f y  t h e  mechan ica l  d e s i g n  of 
t h e  a n t e n n a . s h a l 1  be  r e p o r t e d  i n  a s i n g l e  comprehensive t e s t  r e p o r t .  

4 Array e r r o r  a n a l v s i s  and a s s o c i a t e d  t e s t i n g . -  The C o n t r a c t o r  
s h a l l  e s t a b l i s h  nominal  v a l u e s  and a l l o w a b l e  v a r i a t i o n s  f o r  t h e  e x c i t a t i o n  
a m p l i t u d e  and phase  of  each r a d i a t i n g  element of  t h e  an tenna  w i t h  each 



o f  t h e  t h r e e  an tenna  i n p u t s  d r i v e n .  A comprehensive s t a t i s t i c a l  a n a l y s i s  
o f  t h e  a l l o w a b l e  v a r i a t i o n s  w i l l  b e  performed t o  demons t ra te  t h a t  a t  any 
s i n g l e  p o i n t  i n  space  t h e  p r o b a b i l i t y  of any one an tenna  parameter  n o t  
mee t ing  a l l  s p e c i f i c a t i o n s  i s  l e s s  t h a n  0.02. T h i s  s t a t i s t i c a l  a n a l y s i s  
s h a l l  i n c l u d e  t h e  e f f e c t s  of  r a d i a t i n g  element VSWR ( o r  impedence) and 
t h e  d imens iona l  t o l e r a n c e s  and d e f l e c t i o n s  o f  t h e  an tenna  under t h e  most 
s e v e r e  o p e r a t i n g  c o n d i t i o n s  o f  pa ra .  3.2.1.  I f  a r r a y  d e f l e c t i o n s  must 
be  l e s s  than  t h o s e  s p e c i f i e d  i n  p a r a .  3 .3 .2 .4  i n  o r d e r  t o  p rov ide  t h e  
c e r t a i n t y  of e l e c t r i c a l  performance r e q u i r e d  above,  then  t h e  t e s t i n g  of 
pa ra .  4.1.4 s h a l l  demons t ra te  t h a t  t h e s e  more e x a c t i n g  d e f l e c t i o n  l i m i t s  
have been adhered t o  i n  t h e  C o n t r a c t o r ' s  s t r u c t u r a l  d e s i g n .  The t e s t i n g  
of  p a r a .  4 .1 .4  s h a l l  demons t ra te  t h a t  t h e  d imens iona l  t o l e r a n c e s  of  
t h e  an tenna  con tour  a r e  w i t h i n  t h e  l i m i t s  assumed by t h e  s t a t i s t i c a l  
a n a l y s i s .  

No t e s t  procedure  i s  r e q u i r e d  f o r  t h e  a r r a y  e r r o r  a n a l y s i s .  The C o n t r a c t o r  
s h a l l  p r e p a r e  and submit  f o r  a p p r o v a l  a n  i n t e r i m  r e p o r t  and a  f i n a l  
r e p o r t  of t h i s  a n a l y s i s .  The f i n a l  r e p o r t  must be  approved b e f o r e  t h e  
Government w i l l  approve t h e  t e s t  procedure  f o r  pa ra .  4 . 1 . 4 . 1  below. 

4 . 1 . 4 . 1  Environmental  t e s t  of  an tenna  e l e c t r o n i c s . -  The c o n t r a c t o r  s h a l l  
env i ronmenta l ly  t e s t  one f u l l y  assembled an tenna  l e s s  e n c l o s u r e  c o v e r s .  
The e n c l o s u r e  c o v e r s  a r e  t o  b e  removed i n  o r d e r  t o  expose t h e  an tenna  feed 
networks  t o  t h e  t e m p e r a t u r e  and humidi ty  c o n d i t i o n s  of t h e  t e s t  chamber. 
R a d i a t i n g  e lements  may be  removed i n  o r d e r  t o  f a c i l i t a t e  t h e  measurement 
of  element e x c i t a t i o n  v o l t a g e s  a s  r e q u i r e d  below. 

The an tenna  s h a l l  be  p l a c e d  i n  a  chamber meet ing t h e  requ i rements  of  
para .  1-4 .12,  FAA-G-2100/1, and s u b j e c t e d  t o  t h e  env i ronmenta l  s c e n a r i o  
t a b u l a t e d  t h e r e i n  excep t  t h a t  S t e p  8 s h a l l  be d e l e t e d  and a l l  r e q u i r e d  
measurements s h a l l  b e  t a k e n  and recorded  a f t e r  t h e  t e m p e r a t u r e  of t h e  
an tenna  r e t u r n s  t o  nominal  f o l l o w i n g  S t e p  7. The t empera tu re  ext remes 
s h a l l  be  -50 deg. C and +70 deg.  C and t h e  h igh  humidi ty  l e v e l  s h a l l  be 
100% ( -5 '%,  +O%) . 
A t  each p o i n t  i n  t h e  env i ronmenta l  s c e n a r i o  a t  which t e s t  measurements 
a r e  t o  made, t h e  phase  and ampl i tude  of  t h e  e x c i t a t i o n  a t  100 r a d i a t i n g  
e lements  s e l e c t e d  by t h e  FAA s h a l l  b e  measured and r e c o r d e d .  Each 
measurements s h a l l  l i e  w i t h i n  t h e  r a n g e  about  i t s  nominal v a l u e  p r e s c r i b e d  
by t h e  C o n t r a c t o r ' s  a l l o w a b l e  v a r i a t i o n  f o r  t h a t  o u t p u t .  The e x c i t a t i o n  
l e v e l s  a t  r a d i a t i n g  e lements  w i l l  be  measured a s  s p e c i f i e d  above w i t h  
t h e  sum, w i t h  t h e  d i f f e r e n c e ,  and w i t h  t h e  SLS p o r t s  s e p a r a t e l y  d r i v e n  
a t  power l e v e l s  below 10 dbm. 

A t  t h e  ext remes of t e m p e r a t u r e ,  t h e  a l l o w a b l e  v a r i a t i o n s  i n  e x c i t a t i o n  
l e v e l  s h a l l  n o t  exceed +2.5 dB r e l a t i v e  t o  t h e  nominal  and t h e  a l l o w a b l e  
v a r i a t i o n  i n  e x c i t a t i o n p h a s e  s h a l l  no t  exceed +_20 d e g r e e s  r e l a t i v e  t o  
t h e  nominal .  A t  room t e m p e r a t u r e ,  t h e  a l l o w a b l e  v a r i a t i o n s  i n  e x c i t a t i o n  
ampl i tude  and phase  s h a l l  b e  l e s s  than  21.5  dB and 215  d e g r e e s  r e s p e c t i v e l y .  
The nominal  e x c i t a t i o n  l e v e l s  and phases  can be  made a  f u n c t i o n  o f  
t e m p e r a t u r e  o n l y  t o  t h e  ex ten8  t h a t  a l l  nominal l e v e l s  a n d / o r  nominal  
phases  change by t h e  same amount f o r  t h e  an tenna  i n p u t  i n  q u e s t i o n  and 
o n l y  t o  t h e  e x t e n t  t h a t  t h e  g a i n  and r e l a t i v e  ampl i tude  and phase  r e q u i r e -  
ments  of p a r a .  3 .3 .1  a r e  met.  



4 . 1 . 4 . 2  Environmental  t e s t  of  an tenna  r a d i a t i n ~  e l e m e n t s .  - The C o n t r a c t o r  
s h a l l  e n v i r o n m e n t a l l y  t e s t  25 r a d i a t i n g  e lements  of  each type  employed u s i n g  
a  chamber and s c e n a r i o  s a t i s f y i n g  t h e  requ i rements  of  p a r a .  4 . 1 . 5 . 1  above.  
A t  each  p o i n t  i n  t h e  env i ronmenta l  s c e n a r i o  a t  which t e s t  measurements a r e  
t o  be made, t h e  VSWR o f  each e lement  s h a l l  be measured and r e c o r d e d .  Each 
measurement s h a l l  l i e  w i t h i n  t h e  range assumed i n  v a l i d a t i n g  an tenna  p e r f o r -  
mance w i t h  t h e  s t a t i s t i c a l  a n a l y s i s  of  p a r a .  4 . 1 . 5 .  A t  t h e  ext remes of  
t e m p e r a t u r e ,  a l l  e lement  VSWR's s h a l l  be l e s s  t h a n  2 . 0 : l  r e f e r e n c e d  t o  t h e  
nominal e lement  impedance a n d ,  a t  room t e m p e r a t u r e ,  a l l  e lement  VSWR's s h a l l  
be l e s s  t h a n  1 . 5 :  1. 

4 . 2  Type t e s t s .  - The a n t e n n a ,  f i l t e r s  and r o t a r y  j o i n t  h i l l  be type  t e s t e d  
a s  s p e c i f i e d  below i n  acc0rdanc.e with p a r a .  1 - 4 . 3 . 3  of FAA-G-2100/1. 

4 . 2 . 1  Antenna t e s t s .  - The f o l l o w i n g  e l e c t r i c a l  t e s t s  s h a l l  be performed 
on each  an tenna  t y p e  t e s t e d :  

T e s t  - 
Sum e l e v a t i o n  p a t t e r n  
D i f f e r e n c e  e l e v a t i o n  p a t t e r n  
SLS e l e v a t i o n  p a t t e r n s  and phase  
Sum azimuth p a t  t e r n s  
D i f f e r e n c e  azimuth p a t t e r n  
E r r o r  az imuth p a t t e r n  and pos t -hybr id  

phase  
SLS azimuth p a t t e r n  
Gain  
P u l s e  d i s t o r t i o n  
S q u i n t  and skew 
Cross  p o l a r i z a t i o n  

Reference  pa ragraph  

A l l  sum and SLS p a t t e r n s  s h a l l  be measured a t  1030 and 1090 MHz. D i f f e r e n c e  
p a t t e r n s  s h a l l  be measured a t  1090 MHz o n l y .  A l l  p a t t e r n  c u t s  s h a l l  be 
o v e r  t h e  f u l l  r ange  o f  a n g l e s  f o r  which performance i s  s p e c i f i e d  h e r e i n .  
Azimuth p a t t e r n s  s h a l l  g e n e r a l l y  be recorded i n  5-degree  s t e p s  of  e l e v a t i o n  
from t h e  lowes t  e l e v a t i o n  a n g l e  a t  which p a t t e r n  performance i s  s p e c i f i e d  
t o  t h e  h i g h e s t ;  a n  az imuth o u t  a t  z e r o  d e g .  e l e v a t i o n  s h a l l  be inc luded  
i n  e v e r y  c a s e .  A l l  az imuth  p a t t e r n s  s h a l l  i n c l u d e  b o t h  normal and c r o s s  
p o l a r i z a t i o n  measurements.  The SLS e l e v a t i o n  p a t t e r n s  s h a l l  be measured 
a t  f i v e  az imuth  a n g l e s  e q u a l l y  spaced o v e r  360 d e g r e s s  and s h a l l  be measured 
o v e r  360 deg .  a l o n g  t h e  v e r t i c a l  p l a n e  th rough  t h e  c e n t e r  of t h e  a p e r t u r e  
and t h e  l o c a l  peak of  t h e  SLS p a t t e r n  a t  z e r o  d e g r e s s  e l e v a t i o n  a s  w e l l  a s  
a l o n g  t h e  p r i n c i p a l  e l e v a t i o n  p l a n e .  For  a l l  t h e  p a t t e r n  t e s t s  performed 
under  t h i s  pa ragraph ,  t h e  C o n t r a c t o r - f a b r i c a t e d  s t r u c t u r e  a t t a c h e d  t o  t h e  
an tenna  f o r  t h e  t e s t s  of  p a r a .  4 . 1 . 1 . 1  s h a l l  not be mounted on t h e  a n t e n n a .  



In sedition t: ti:e p a t t e r n  t e s t s  s p e c i f i e d  a b o v e ,  t h e  VSWR and power 
~ ~ * p e c r z y  metisurc-ner.tr o f  p a r a .  4 . 1 . 1 . 2  s h a l l  be  i n c l u d e d  i n  t h e  t y p e  t e s t s .  

4,2 .2  F i l t ~ r s  t e s t s . -  F i l t e r s  s h a l l  be  t y p c  t e s c 2 d  i n  matched p a i r s .  -..- -- - 
E a c h  matched p a i r  n f  a n t e n p a  f i l t e r s  t c s t e d  s h a l l  be s u b j e c t e d  t o  t h e  
foFlowing e l e c t r i c a l  t e s t s  ~ l n d e r  t h e  e n v i r o n m e c t a l  c o n d i t i o n s  s p e c i f i e d  

R e f e r e n c e  p a r a g r a p h  

rr I .ne power  c a p a c i c y  measurements  s h a l l  b e  made i n  a c c o r d a n c e  w i t h  Dara.  
.L. 1 . 1 . 2  t o  i n c l u d e  t h e  h igh-power  VSWR measurements .  The envi ronmenta  1 
c o n d i t i o n s  f o r  t h e  f i l t e r  t y p e  t e s t s  s h a l l  b e  i n  a c c o r d a n c e  w i t h  p a r a .  
I-!!, 1 2 ,  FAA-G-%100/1, m o d i f i e d  a s  f o l l o w s  : 

( a )  I n  S t e p  3 ,  t h e  t e m p e r a t u r e  s h a l l  b e  h e l d  a t  t h e  minimum f o r  
a  t i m e  i n t e r v a l  s u f f i c i e n t  t o  e n s u r e  t h a t  t h e  e n t i r e  f i l t e r  
ha s  c o o l e d  t o  a t  l e a s t  - 4 5 ' ~  p r i o r  t o  making measu remen t s ,  

( b )  D e l e t e  S t e p  8 .  One c o m p l e t e  s e t  o f  t e s t  measurements  s h a l l  
be  made a t  t h e  c o n c l u s i o n  of  S t e p  7 .  

The t e m p e r a t u r e  l i m i t s  f o r  t y p e  t e s t i n g  a r e  -50°c and +70°c. The h i g h  
humid i ty  v a l u e  i s  100% ( - 5 % ,  +OX). 

4 , 2 . 3  R o t a r y  j o i n t  t y p e  t e s t s . -  The f o l l o w i n g  e l e c t r i c a l  t e s t s  s h a l l  - 
b e  per formed on e a c h  r o t a r y  j o i n t  t e s t e d .  

T e s t  

I s o l a t i o n  
Peak oower 
Duty c y c l e  
VSWR 
I n s e r t i o n  l o s s  
Phase  s h i f t  change  
P u l s e  shape  (Channe l s  4 ,  5 ,  & 6 )  
Phase  and a m p l i t u d e  t r a c k i n g  (Ch. 4 & 5 

and  4  & 6 )  
P u l s e  shape  t r a c k i n g  ( C h .  4 & 6) 
F requency  

R e f e r e n c e  p a r a g r a p h  



The env i ronmenta l  c o n d i t i o n s  f o r  t h e  r o t a r y  j o i n t  type  t e s t s  s h a l l  b e  i n  
accordance  wi.th p a r a .  1-4 .12,  FAA-G-2100/1, modi f i ed  a s  f o l l o w s :  

( a )  In S t e p  3 ,  t h e  t e m p e r a t u r e  s h a l l  be  he ld  a t  t h e  minimum f o r  a  
t ime i n t e r v a l  s u f f i c i e n t  t o  e n s u r e  t h a t  t h e  e n t i r e  r o t a r y  j o i n t  
has  coo led  t o  a t  l e a s t  -45 deg.C p r i o r  t o  making measurements. 

( b )  D e l e t e  S t e p  8.  One complete s e t  of t e s t  measurements s h a l l  be 
made a t  t h e  c o n c l u s i o n  of  S t e p  7 .  

The t e m p e r a t u r e  l i m i t s  f o r  t y p e  t e s t i n g  a r e  -50 deg.  C and +70 deg. C .  
The high humidi ty  v a l u e  i s  100% (-5%,+0%). 

The t y p e  t e s t  s h a l l  be  i n  t h r e e  segments.  Segment I s h a l l  make a l l  
measurements t a b u l a t e d  above a t  room tempera tu re  a t  t h r e e  a n g l e s  of  
j o i n t  r o t a t i o n  even ly  d i s t r i b u t e d  o v e r  360 d e g r e e s .  Segment 11 s h a l l  
make a l l  measurements t a b u l a t e d  above over  t h e  env i ronmenta l  s c e n a r i o  
o f  pa ra .  1 -4 .12 ,  F ~ ~ - G - 2 1 0 0 / 1 ,  ( a s  modi f i ed  above) w i t h  t h e  j o i n t  e i t h e r  
r o t a t i n g  o r  s t a t i o n a r y  i n  t h e  chamber. Segment I11 s h a l l  make low power 
phase  and ampl i tude  t r a c k i n g  and p u l s e  shape t r a c k i n g  measurements w i t h  
t h e  r o t a r y  j o i n t  c o n t i n u o u s l y  r o t a t i n g  a t  a  speed g r e t a t e r  t h a n  10 rpm 
and s u b j e c t e d  t o  t h e  env i ronmenta l  s c e n a r i o .  I f  t h e  C o n t r a c t o r  so  e l e c t s ,  
Segments 11 and I11 may be combined i n t o  a  s i n g l e  segment. 

4 . 3  P r o d u c t i o n  t e s t s . -  The f o l l o w i n g  p r o d u c t i o n  t e s t s  s h a l l  be  conducted 
i n  accordance  w i t h  p a r a .  1-4 .3 .4 ,  FAA-G-2100/1. 

4 . 3 . 1  Antenna t e s t s . -  The f o l l o w i n g  e l e c t r i c a l  t e s t s  s h a l l  be  performed 
on each an tenna .  

T e s t  Refe rence  pa ragraph  

Sum e l e v a t i o n  p a t t e r n  
D i f f e r e n c e  e l e v a t i o n  p a t t e r n  
SLS e l e v a t i o n  p a t t e r n  and phase  
Sum azimuth p a t t e r n  
D i f f e r e n c e  azimuth p a t t e r n  
E r r o r  az imuth p a t t e r n  and p o s t -  

h y b r i d  phase  
SLS azimuth p a t t e r n  
Ga in 

A l l  sum and SLS p a t t e r n s  s h a l l  be  measured a t  1030 and 1090 MHz. 
D i f f e r e n c e  p a t t e r n s  s h a l l  be measured a t  1090 MHz on ly .  

4.3.2 F i l t e r  t e s t s . -  Each matched p a i r  of an tenna  f i l t e r s  s h a l l  be  
s u b j e c t e d  t o  t h e  f o l l o w i n g  e l e c t r i c a l  t e s t s .  



T e s t  -- Reference  paragraph 

vsm 
Phase s h i f t  ( t r a c k i n g )  
I n s e r t i o n  l o s s  ( t r a c k i n g )  
P a s s - b a d  a t t e n u a t . i o n  
S top-band a t t e n u a t i o n  

4 .3 .3  Rotary  j o i n t  t e s t s . -  Each r o t a r y  j o i n t  s h a l l  b e  s u b j e c t e d  t o  t h e  
fo l lowing  e l e c t r i c a l  t e s t s  fo l lowing  168 hours  of  con t inuous  r o t a t i o n  a t  
1.2.5 rprn. 

T e s t  Refe rence  paragraph 

VSWR 
I n s e r t i o n  l o s s  
Phase and ampl i tude  t r a c k i n g  

(Ch. L & 5 and 4 & 6)  
P r e s s u r e  l eakage  

During t h e  168 hour r u n - i n  of t h e  r o t a r y  j o i n t s  a l l  az imuth p u l s e  g e n e r a t o r  
(APG) mechanical  d r i v e s  s h a l l  be  loaded t o  supply  30 inch-ounces  of  
t o r q u e  t o  e x t e r n a l  s i n k s .  I n  a d d i t i o n ,  a l l  s l i p  r i n g  c i r c u i t s  s h a l l  
c a r r y  5  amps a t  60 Hz th roughout  t h e  168 hour t e s t .  A t  t h e  end of t h e  
r u n - i n  i t  s h a l l  be  e s t a b l i s h e d  t h a t  t h e  s l i p  r i n g s  and b r u s h e s  a r e  
f u n c t i o n i n g  normal ly  and t h a t  a l l  APG d r i v e s  meet t h e  fo l lowing  r e q u i r e -  
ments when a n  azimuth p u l s e  g e n e r a t o r  i s  mounted i n  i t s  normal o p e r a t i o n a l  
p o s i t i o n  and t h e  r o t a r y  j o i n t  i s  r o t a t e d  a t  12.5 rpm + - 10%. 

( a )  P u l s e - t o - p u l s e  
j i t t e r  (measured a t  50% 
a m p l i t u d e  p o i n t s )  

( b )  P u l s e  count  

+ 15% of nominal  - + - 25% of  
spac ing  nom ina  1 spa c  ing  

4096 pe r  360° 1 per  360° 
o f  r o t a t i o n  of r o t a t i o n  



4 . 4  M a i n t a i n a b i l i t y  program.- The C o n t r a c t o r  s h a l l  perform a  comprehensive 
m a i n t a i n a b i l i t y  program i n  accordance  w i t h  MIL-STDs 470 and 471 ,  and MIL- 
HDBK-472, f o r  b o t h  t h e  an tenna  ( w i t h  f i l t e r s )  and t h e  r o t a r y  j o i n t .  

4 .4 .1  M a i n t a i n a b i l i t y  program p l a n . -  The C o n t r a c t o r  s h a l l  p r e p a r e ,  and 
submit  f o r  a p p r o v a l ,  a  m a i n t a i n a b i l i t y  program p l a n  i n  accordance  w i t h  
MIL-STD-470. The d e s c r i p t i o n  of  t h e  work t o  be  performed on each program 
t a s k  s h a l l  i n c l u d e  a  c o n c i s e  d e s c r i p t i o n  of t h e  o b j e c t i v e  of  each t a s k .  
It s h a l l  be c l e a r  from t h e  program t a s k  d e s c r i p t i o n s  t h a t  t h e  r e l e v a n t  
o b j e c t i v e s  a r e  met.  The program p l a n  s h a l l  i n c l u d e  a  m i l e s t o n e  c h a r t  
t h a t  c l e a r l y  shows t h e  t ime  i n t e r v a l  over  which each t a s k  w i l l  be performed. 
The development of t h e  m a i n t a i n a b i l i t y  d a t a  base  and r e l a t e d  models 
r e q u i r e d  t o  s u p p o r t  a n a l y s e s  and p r e d i c t i o n s  s h a l l  be  one s p e c i f i c  
i d e n t i f i a b l e  t a s k  i n  t h e  program plan.  

4.4.2 D e t a i l e d  maintenance concept  and d e t a i l e d  maintenance p l a n . -  The 
C o n t r a c t o r  s h a l l  f o r m u l a t e  a  d e t a i l e d  maintenance concept  and a  d e t a i l e d  
maintenance p l a n  i n  accordance  w i t h  MIL-STD-470. The d e t a i l e d  maintenance 
p l a n  s h a l l  i n c l u d e  a  summary d e s c r i p t i o n  of each maintenance t a s k  t o  
b e  performed i n  t h e  f i e l d ,  a t  t h e  FAA d e p o t ,  o r  a t  any o t h e r  f a c i l i t y .  
Task d e s c r i p t i o n s  s h a l l  encompass a l l  maintenance a c t i v i t i e s  t o  i n c l u d e  
performance checks ,  f a u l t  d i a g n o s i s ,  d i sassembly ,  p a r t  i n t e r c h a n g e ,  p a r t  
r e f u r b i s h m e n t ,  r eassembly ,  a l i g n m e n t ,  and checkout .  The f requency 
w i t h  which each t a s k  i s  t o  be  performed s h a l l  be s t a t e d  a long  w i t h  a  
d e s c r i p t i o n  o f  t h e  l o c a t i o n  ( f i e l d ,  FAA d e p o t ,  e t c . )  a t  which t h e  t a s k  i s  
c a r r i e d  o u t .  Suppor t  equipment,  s p e c i a l  t o o l s  and t e s t  equipments ,  s k i l l  
l e v e l s ,  and number of peop le  r e q u i r e d  f o r  each t a s k  s h a l l  be d e s c r i b e d .  
The maintenance concept  and d e t a i l e d  maintenance p l a n  f o r  t h e  a n t e n n a ,  
f i l t e r s ,  and r o t a r y  j o i n t  s h a l l  be  c o n s i s t e n t  w i t h  t h e  u s e f u l  s e r v i c e  
l i f e  r equ i rement  o f  pa ra .  3.6. 

The format  o f  t h e  d e t a i l e d  maintenance p l a n  s h a l l  i n c l u d e  b o t h  a n  overview 
o f  t h e  maintenance a c t i v i t i e s  r e q u i r e d  and s e l f - c o n t a i n e d  d e s c r i p t i o n s  of  
each  maintenance t a s k  t o  i n c l u d e  t h e  i n f o r m a t i o n  d e s c r i b e d  above. A l l  o f  
t h e  maintenance t a s k s ,  p r o c e d u r e s ,  and r e l a t e d  d a t a  d e s c r i b e d  i n  t h e  
i n s t r u c t i o n  books ( p a r a g r a p h  3 . 7 )  s h a l l  be  o b t a i n e d  from t h i s  maintenance 
p l a n  a s  developed by t h e  c o n t r a c t o r .  

The d e t a i l e d  maintenance p l a n  s h a l l  i n c l u d e  a  c o n c i s e  l i s t  of a l l  s p e c i a l  
t o o l s ,  f i x t u r e s ,  and t e s t  equipments r e q u i r e d  f o r  f i e l d  maintenance 
a c t i v i t i e s  and a  s i m i l a r  l i s t  f o r  depo t  maintenance a c t i v i t i e s .  

The C o n t r a c t o r ' s  maintenance concep t  and d e t a i l e d  maintenance p l a n  s h a l l  
b e  j u s t i f i e d  by s u p p o r t i n g  a n a l y s e s .  These a n a l y s e s  s h a l l  demons t ra te  t h a t  
t h e  maintenance p r o c e d u r e s ,  t a s k s ,  and d a t a  p r e s c r i b e d  i n  t h e  i n s t r u c t i o n  
books a r e  s u f f i c i e n t  t o  a s s u r e  t h a t  o p e r a t i o n a l  ( i n s t a l l e d )  equipments 





Whenever a  m i n t e n a n  r t a ~ L  I L ~ L  1 i:m t n e  maintainability demons t ra t ion  
exceeds  thl- r7  ' ,  L L  ; ::--ac 5 y  - - -  ,I&-,  . , ,, '?E maintenance t a s k  t ime  
from t h e  r n a * r p ~ i ~ l o = ~  J i :  : 'rr im?;trat 1-7 , ,;il b z  ~ i s t d  a s  t h e  t ime  r e q u i r e d  
f o r  t h e  t a s k  R -  - ~ i e  a l l L r t d l ~ l c l h l :  lt> p l  e d l ~ i i t i o n  of pa ra .  4 . 4 . 3  s h a l l  be 
used t o  show t h a t  a l l  m a i n t a i n 3 b i l i t v  r equ i rements  a r e  met when t h e  new 
t a s k  t ime  i s  used iu th,) p r e J 3 - - t i n y ~ .  

The C o n t r a c t o r  sha 1; -~-i-m,'.. . v L ,  &r, 7 I; ~ C C O ~ C : ~ I , C ~  w i t h  pa ragraph  4.2.6 
of MIL-STD-471 based ,:)on tll A ~2 f i r  n3;ice t a s k s  i t . l cc ted  by t h e  Government 
f o r  d e m o n s t a t i 2 r .  Y L E T <  td.1.: r ' l a i '  lr 5 e l c c t ~ d  from a d r a f t  of  t h e  
C o n t r a c t o r ' s  deta i l . - t i  r n a ~ r i t p , x i i i ~ ~ _  :>!arl 3nd p r e l i n i n a r y  m a i n t a i n b i l i t y  
d a t a  b a s e  i n f o r m a t i o l ~  T h  : L ,x . ~ - C ~ ~ ~ ~ ~ ~ ~ t '  program p l a n  s h a l l  
p r o v i d e  f o r  t h e  t i v e 7 y  ; c l C m ! . t 3  s .  c h < j  ? l e i - - - a r y  d r a f t  maintenance p l a n ,  
p r e l i m i n a r y  r n a i n t a i . ~ a b i i i t y  d a t a  '.,.P, anc. t e s t  p l a n .  The t e s t  p l a n  s h a l l  
be  submi t t ed  31) &ys prier co t h t  ~ c : l t . 4 ~ l c c i  n a t e  f o r  m a i n t a i n a b i l i t y  
demons t ra t ion  t e s t  i n < .  

4 .4 .5  M a i n t a i n a b i l i t y  d a t a  'r,asr..- Aii r c l i a b i l i t y  and m a i n t a i n a b i l i t y  
d a t a  employed i n  n m a i ~ ~ + ~ i m b i l i t y  , n c i y s c s  inalntiznance c o : ~ c e p t / ~ l a n  
j u s t i f i c a t i o n ,  and n 1 a i n t a i i : a L i i i . ~ ; ~  p r c d i c ' t i o n  s h a l l  be c o l l e c t e d  i n t o  
a  comprehensive rnai:it,ai.l-~abil%t:. da::i 5 r . l ; ~ .  ;, s e p a r a t e  s e c t i o n  o f  t h e  main- 
t a i n a b i l i t y  s t a t u s  r p p o c r s  s h a l l  b ?  rielroted t o  d e s c r i b i n g  t h e  m a i n t a i n a b i l i t y  
d a t a  b a s e  a s  i t  e v o l v e s .  T h i s  d e s c r i p t i o n  of t h e  d a t a  base  s h a l l  i n c l u d e :  

( a )  The name of  each r + l e v a n t  r e l i a b i l i t y  and m a i n t a i n a b i l i t y  
v a r i a b l e  . 

( b )  The symbol used t o  r e p r e s e n t  ~ a c h  v a r i a b l e  i n  m a i n t a i n a b i l i t y  
c a l c u l a t i o n s .  

( c )  The d e f i n i t i o n  of each v a r i a b l e  t o  i n c l u d e  u n i t s .  

( d )  The numer ica l  v a l u e  o r  range of  v a l u e s  a s s i g n e d  t o  each  v a r i a b l e .  

( e )  The j u s t i f i c a t i o n  f o r  each numerical  v a l u e  used .  

Numerical  v a l u e s  a s s i g n e d  s h a l l  be j u s t i f i e d  based upon v e r i f i c a t i o n  
s i m u l a t i o n s ,  documented e x p e r i e n c e  w ~ t h  t h e  same o r  r e l a t e d  equipments and 
m a t e r i a l s ,  a n d / o r  e n g i n e e r i n g  judgment. R e l i a b i l i t y  d a t a  s h a l l  be d e r i v e d  
from t h e  c o n t r a c t o r ' s  r e l i a b i l i t y  d a t a  b a s e  ( p a r a g r a p h  4 . 5 . 6 ) .  

4.4.6 M a i n t a i n a b i l i t y  s t a t u s  r e p o r t s .  - A l l  m a i n t a i n a b i l i t y  program 
a c t i v i t i e s  d e s c r i b e d  i n  pa ragraph  4 . 4  of t h i s  s p e c i f i c a t i o n  s h a l l  be 
r e p o r t e d  i n  comprehensive m a i n t a i n a b i l i t y  s t a t u s  r e p o r t s .  These r e p o r t s  
s h a l l  be  p repared  i n  accordance  w i t h  MIL-STD-470 and s h a l l  be  submi t t ed  
a c c o r d i n g  t o  t h e   ont tractor's m a i n t a i n a b i l i t y  program p lan .  Up-to-date 
m a i n t a i n a b i l i t y  s t a t u s  r e p o r t s  s h a l l  be submi t t ed  a t  l e a s t  eve ry  two months 
from d a t e  of  c o n t r a c t  th rough  complet ion of a l l  m a i n t a i n a b i l i t y  program 
a c t i v i t i e s .  The f i r s t  m a i n t a i n a b i l i t y  s t a t u s  r e p o r t  s h a l l  i n c l u d e  t h e  
m a i n t a i n a b i l i t y  program p l a n .  The m a i n t a i n a b i l i t y  program p lan  s h a l l  show t h e  
submiss ion  d a t e s  and cor respond ing  Government r ev iews  f o r  m a i n t a i n a b i l i t y  
s t a t u s  r e p o r t s  on t h e  m i l e s t o n e  c h a r t  of program a c t i v i t i e s .  A n a r r a t i v e  

d i s c u s s i o n  keyed t o  t h e  m i l e s t o n e  c h a r t  s h a l l  o u t l i n e  t h e  c o n t e n t s  



of each r e p o r t .  A l l  m a i n t a i n a b i l i t y  s t a t u s  r e p o r t s  s h a l l  be s u b j e c t e d  t o  
Government r e v i ~ , ~  and a p p r o v a l .  

4 .5  R e l i a b i l i t y  program.- The C o n t r a c t o r  s h a l l  perform a  comprehensive - 
r e i i a b i l i t y  program f o r  t h e  an tenna  ( w i t h  f i l t e r s )  and r o t a r y  j o i n t s .  

4 . 5 . 1  R e l i a b i l i t y  program p l a n . -  The C o n t r a c t o r  s h a l l  p r e p a r e ,  and submit  
f o r  Government a p p r o v a l ,  a  r e l i a b i l i t y  program p l a n  i n  accordance  w i t h  
MIL-STD-785 and t h i s  s p e c i f i c a t i o n .  T h i s  program p l a n  s h a l l  i n c l u d e  a  
d e t a i l e d  m i l e s t o n e  c h a r t  showing t h e  t ime  i n t e r v a l  over  which each major 
r e l i a b i l i t y  program a c t i v i t y  w i l l  be  performed. 

4 .5 .2  R e l i a b i l i t y  appor t ionment . -  I n  accordance  w i t h  MIL-STD-785, t h e  
C o n t r a c t o r  s h a l l  employ s t a n d a r d  a n a l y t i c a l  r e l i a b i l i t y  e n g i n e e r i n g  
t e c h n i q u e s  t o  a p p o r t i o n  ( o r  a l l o c a t e )  t h e  MTBF requ i rements  f o r  t h e  
an tenna  ( w i t h  f i l t e r s )  and t h e  r o t a r y  j o i n t  t o  NTBF requ i rements  f o r  
t h e  major  a s s e r ~ b l i e s  and components t h a t  comprise  t h e  equipments.  Antenna 
components and a s s e m b l i e s  t o  which MTBF requ i rements  a r e  a p p o r t i o n e d  s h a l l  
i n c l u d e ,  a s  a p p r o p r i a t e ,  r a d i a t i n g  e l e m e n t s ,  power d i v i d e r s  and feed 
ne tworks ,  c a b l e s  and c o n n e c t o r s ,  and p r o t e c t i v e  c o v e r i n g s  ( radomes) .  The 
r e l i a b i l - i t y  p r e d i c t i o n  a c t i v i t y  of pa ragraph  4 . 5 . 3  s h a l l  e s t a b l i s h  t h a t  
t h e  r e l i a b i l i t y  r equ i rement  a p p o r t i o n e d  t o  each component and assembly 
i s  s a t i s f i e d  when t h e  m a t e r i a l s  and c o n s t r u c t i o n  t e c h n i q u e s  of t h e  
C ~ n t r a c t o r ' s  d e s i g n  a r e  employed. 

4 . 5 . 3  R e l i a b i l i t y  p r e d i c t i o n . -  The C o n t r a c t o r  s h a l l  perform a  r e l i a b i l i t y  
p r e d i c t i o n  i n  accordance  w i t h  t h e  Design P r e d i c t i o n  Procedure  of MIL-STD-756. 
T h i s  p r e d i c t i o n  s h a l l  u t i l i z e  t h e  h a r d i a r e  breakdowns developed under 
pa ragraph  4 . 5 0 2  above. The p r e d i c t i o n  s h a l l  demons t ra te  t h a t  a l l  o f  t h e  
r e l i a b i l i t y  r equ i rements  a p p o r t i o n e d  t o  equipment a s s e m b l i e s  and components 
w i l l  be ach ieved  u s i n g  t h e  m a t e r i a l s  and c o n s t r u c t i o n  t e c h n i q u e s  of t h e  
C o n t r a c t o r ' s  d e s i g n .  I n  a d d i t i o n ,  t h e  r e l i a b i l i t y  p r e d i c t i o n  s h a l l  
demons t ra te  t h a t  t h e  an tenna  ( w i t h  f i l t e r s )  and t h e  r o t a r y  j o i n t  w i l l  meet 
t h e  r e l i a b i l i t y  r equ i rements  of pa ragraph  3.6. The u s e  of MIL-HDBK-217 i s  
n o t  mandatory ( p a r a .  5 . 9 . 1 ,  MIL-STD-756). 

4.5.4 R e l i a b i l i t y  d e m o n s t r a t i o n . -  The C o n t r a c t o r  s h a l l  perform r e l i a b i l i t y  
d e m o n s t r a t i o n s  i n  accordance  w i t h  MIL-STD-781. These d e m o n s t r a t i o n s  s h a l l  
t e s t  one an tenna  ( w i t h  matched f i l t e r s )  and one r o t a r y  j o i n t  t o  demons t ra te  
t h a t  t h e  r e l i a b i l i t y  r e q u i r e m e n t s  of pa ragraph  3.6 have been met. R e l i a b i l i t y  
p r o d u c t i o n  a c c e p t a n c e  ( sampl ing)  t e s t s  a r e  n o t  r e q u i r e d .  

The t e s t  l e v e l  f o r  e x e r c i s i n g  t h e  equipments f o r  a l l  d e m o n s t r a t i o n s  s h a l l  
be t e s t  l e v e l  E of  MIL-STD-781 modif ied  a s  f o l l o w s :  

( a )  Temperature  l i m i t s :  - 50°C t o  + 70°c 

( b )  V i b r a t i o n  l i m i t :  1 . O G  + - 10% 

( c )  The a n t e n n a ,  f i l t e r s ,  and r o t a r y  j o i n t  need n o t  be o p e r a t e d  
d u r i n g  r e l i a b i l i t y  t e s t i n g .  



The t e s t  p l a n  s h a l l  meet t h e  r e q u i r e m e n t s  l i s t e d  below and need n o t  be one 
o f  t h e  t e s t  p l a n s  ( e . g .  T e s t  P lan  XXV) l i s t e d  i n  MIL-STD-781. 

( a )  One an tenna  ( w i t h  f i l t e r s )  and one r o t a r y  j o i n t  s h a l l  each be  
e x e r c i s e d  f o r  a t o t a l  of  600 hours .  

( b )  The an tenna  w i l l  be  f u l l y  assembled o r  e l s e  e x e r c i s e d  i n  two 
s e c t i o n s .  The f i l t e r s  w i l l  be  mounted i n  t h e i r  normal o p e r a t i o n a l  
c o n f i g u r a t i o n .  The s u p p o r t  s t r u c t u r e  need n o t  be  e x e r c i s e d .  

( c )  The r o t a r y  j o i n t  w i l l  be e x e r c i s e d  a s  a  f u l l y  assembled u n i t .  

( d )  A t  t h e  c o n c l u s i o n  o f  t h e  an tenna  e x e r c i s e  p e r i o d ,  t h e  t e s t s  of 
p a r a .  4 .2 .1  and 4.2.2 s h a l l  be  performed on t h e  an tenna  and t h e  
f i l t e r s  r e s p e c t i v e l y .  Any t e s t  measurement t h a t  does  n o t  meet 
a l l  r e q u i r e m e n t s  o f  t h i s  s p e c i f i c a t i o n  s h a l l  c o n s t i t u t e  a  f a i l u r e  
o f  t h e  a n t e n n a  r e l i a b i l i t y  demons t ra t ion .  

( e )  A t  t h e  c o n c l u s i o n  of  t h e  r o t a r y  j o i n t  e x e r c i s e  p e r i o d ,  t h e  t e s t s  
of  p a r a .  4 .2 .3  s h a l l  be  performed. Any t e s t  measurement t h a t  
does  n o t  meet a l l  r e q u i r e m e n t s  of  t h i s  s p e c i f i c a t i o n  s h a l l  
c o n s t i t u t e  a  f a i l u r e  of t h e  r o t a r y  j o i n t  r e l i a b i l i t y  d e m o n s t r a t i o n .  

( f )  No p r e v e n t a t i v e  main tenance  may be  performed a t  any t h e  d u r i n g  
t h e  r e l i a b i l i t y  d e m o n s t r a t i o n .  However, i f  t h e  C o n t r a c t o r  s o  
e l e c t s ,  t h e  chamber may b e  opened and t e s t  measurements may be  
performed a t  i n t e r v a l s  no t  more f r e q u e n t  t h a n  once p e r  week. 
The t ime  t h a t  t h e  chamber i s  open w i l l  n o t  coun t  toward t h e  
r e q u i r e d  600-hour t e s t  d u r a t i o n .  The FAA w i l l  w i t n e s s  a l l  such 
t e s t  measurements and t h r e e  days  n o t i c e  w i l l  be p rov ided  by t h e  
C o n t r a c t o r .  

A d e t a i l e d  t e s t  p rocedure  f o r  t h e  r e l i a b i l i t y  d e m o n s t r a t i o n  t e s t s  s h a l l  be 
p r e p a r e d  i n  accordance  w i t h  MIL-STD-781 and submi t t ed  t o  t h e  Government 
f o r  a p p r o v a l  60 days  p r i o r  t o  t e s t i n g .  R e l i a b i l i t y  r e c o r d s  w i l l  b e  k e p t  
i n  accordance  w i t h . p a r a g r a p h  5.10 o f  MIL-STD-781 and FAA Handbook 6040.10. 
R e l i a b i l i t y  t e s t  r e p o r t s  s h a l l  be  submi t t ed  i n  accordance  w i t h  pa ragraph  
5 .11 of  MIL-STD-781 f o r  a l l  r e l i a b i l i t y  d e m o n s t r a t i o n s  conducted.  

4.5.5 R e l i a b i l i t y  d a t a  base . -  A l l  r e l i a b i l i t y  d a t a  employed i n  t h e  
p r e d i c t i o n s  r e q u i r e d  by pa ragraph  4.5.3 s h a l l  be  c o l l e c t e d  i n t o  a  
comprehensive  r e l i a b i l i t y  d a t a  b a s e .  A s e p a r a t e  s e c t i o n  o f  t h e  r e l i a b i l i t y  
s t a t u s  r e p o r t s  s h a l l  be  devo ted  t o  d e s c r i b i n g  t h e  r e l i a b i l i t y  d a t a  b a s e  
a s  it e v o l v e s .  T h i s  d e s c r i p t i o n  of t h e  d a t a  b a s e  s h a l l  i n c l u d e :  

(a) The name of e a c h  r e l i a b i l i t y  v a r i a b l e  

(b)  The symbol used t o  r e p r e s e n t  each  v a r i a b l e  i n  r e l i a b i l i t y  
p r e d i c t i o n s  

( c )  The d e f i n i t i o n s  o f  each v a r i a b l e  t o  i n c l u d e  u n i t s  



( d )  The numer ica l  v a l u e  o r  r ange  of v a l u e s  a s s i g n e d  t o  each v a r i a b l e .  

( e )  The j u s t i f i c a t i o n  f o r  each numer ica l  v a l u e  used.  

The j u s t i f i c a t i o n s  f o r  t h e  numer ica l  v a l u e s  a s s i g n e d  s h a l l  be  comprehensive 
and s h a l l  be  based upon s t a n d a r d  s o u r c e s  ( e . g .  MIL-HDBK-217) t o  t h e  e x t e n t  
p o s s i b l e .  Where s t a n d a r d  d a t a  s o u r c e s  do n o t  e x i s t ,  numer ica l  v a l u e s  
s h a l l  be j u s t i f i e d  based upon documented e x p e r i e n c e  w i t h  t h e  same o r  r e l a t e d  
equipments and m a t e r i a l s  a n d / o r  e n g i n e e r i n g  judgment. Excep t ions  t o  
p u b l i s h e d  DOD s o u r c e s  of a p p l i c a b l e  r e l i a b i l i t y  d a t a  s h a l l  n o t  g e n e r a l l y  
be  a l lowed .  

4.5.6 R e l i a b i l i t y  s t a t u s  r e p o r t s . -  T e s t  d a t a  r e p o r t s  s h a l l  b e  submi t t ed  
a s  d e s c r i b e d  i n  pa ra .  4.5.4. A l l  o t h e r  r e l i a b i l i t y  program a c t i v i t i e s  
d e s c r i b e d  i n  pa ragraph  4 . 5  of  t h i s  s p e c i f i c a t i o n  s h a l l  be  r e p o r t e d  i n  
comprehensive r e l i a b i l i t y  s t a t u s  r e p o r t s .  These r e p o r t s  s h a l l  be  p repared  
i n  accordance  w i t h  MIL-STD-785 and s h a l l  be  submi t t ed  a c c o r d i n g  t o  t h e  
c o n t r a c t o r ' s  r e l i a b i l i t y  program p l a n .  Up-to-date r e l i a b i l i t y  s t a t u s  
r e p o r t s  s h a l l  be  submi t t ed  a t  l e a s t  monthly from d a t e  of  c o n t r a c t  through 
comple t ion  of a l l  program a c t i v i t i e s .  The f i r s t  r e l i a b i l i t y  s t a t u s  r e p o r t  
s h a l l  i n c l u d e  t h e  r e l i a b i l i t y  program p lan .  The r e l i a b i l i t y  program p l a n  
s h a l l  show submiss ion d a t e s  and cor respond ing  Government r ev iews  f o r  
r e l i a b i l i t y  s t a t u s  r e p o r t s  on t h e  m i l e s t o n e  c h a r t  of  program a c t i v i t i e s .  
R e l i a b i l i t y  s t a t u s  r e p o r t s  w i l l  be s u b j e c t  t o  Government review and a p p r o v a l .  

4.6 F a i l u r e  r e c o r d i n g  and r e p o r t i n g . -  F a i l u r e s  d u r i n g  a l l  t e s t  programs 
s p e c i f i e d  h e r e i n  s h a l l  b e  recorded  and r e p o r t e d  i n  accordance  w i t h  FAA 
Handbook 6040.10 "Equipment F a i l u r e  Handbook". The f a i l u r e  r e p o r t i n g  
form s p e c i f i e d  i n  t h e  handbook s h a l l  be  modi f i ed  t o  i n c l u d e  t h e  r e p o r t i n g  
o f  t h e  f o l l o w i n g  a d d i t i o n a l  d a t a :  

( a )  Time o f  day f a i l u r e  o c c u r r e d .  

(b)  Downtime r e p o r t e d  t o  t h e  n e a r e s t  minute .  

( c )  Time of r e s t o r a t i o n  of  equipment t o  f u l l  s e r v i c e .  

Copies  o f  a l l  f a i l u r e  r e p o r t s  s h a l l  be made a  p a r t  of t h e  a p p r o p r i a t e  
t e s t  r e p o r t s .  

4.7 T e s t  r anpe  c a p a b i l i t y . -  The C o n t r a c t o r ' s  t e s t  r ange  s h a l l  met t h e  
f o l l o w i n g  r e q u i r e m e n t s .  

( a )  The l e n g t h  of  t h e  t e s t  r ange  s h a l l  b e  2 ~ 2 / h  o r  g r e a t e r .  ( D  i s  
t h e  maximum dimension o f  t h e  an tenna  and i s  t h e  wavelength  a t  
which t h e  an tenna  i s  b e i n g  t e s t e d , )  

( b )  The s o u r c e  a n t e n n a  dimensions  and a l ignment  s h a l l  b e  such t h a t  
t h e  maximum ampl i tude  t a p e r  w i l l  n o t  exceed 0.25 dB o v e r  t h e  
t e s t  a p e r t u r e  and t h e  t a p e r  s h a l l  be  c e n t e r e d  on t h e  t e s t  
a p e r t u r e .  



( c )  Under a l l  t e s t  c o n d i t i o q s ,  t h e  r a t i o  of  c o - p o l a r i z e d  d i r e c t -  
t o - r e z l e c t e d  p a t h  s i g n a l  l e v e l s  t h a t  w i l l  be d e t e c t e d  by t h e  
an tenna  s h a l l  be 35 dB o r  g r e a t e r .  T h i s  v a l u e  s h a l l  be  met 
when ;he source  an tenna  i s  r a d i a t i n g  e f t h e r  v e r t i c a l l y  o r  
h o r i z o n t a l l y  p o l a r i z e d  energy.  

( d )  Under a l l  t e s t  c o n d i t i o n s ,  t h e  r a t i o  of c o - p o l a r i z e d  t o  c r o s s -  
p o l a r i z e d  s i g n a l  l e v e l s  ave r  t ! ~ e  a p e r t u r e  o f  t h e  antenna 
s h a l l  b e  35 dB o r  g r e a t e r .  T h i s  v a l ~ e  s h a i l  he met when t h e  
s o u r c e  an tenna  i s  r a d i a t i n g  h o r i z o n t a l i y  o r  v e r t i c a l l y  p o l a r i z e d  
energy.  

To demons t ra te  c h a t  r equ i rements  ( b )  through ( d )  above have been met ,  t h e  
C o n t r a c t o r  s h a l l  r e c o r d  t h e  probe d a t a  d e s c r i b e d  i n  p a r a .  A 2 . 4  of 
Appendix 2 .  These d a t a  s h a l l  meet a 1 1  requ i rements  l i s t e d  i n  p a r a .  A 2 . 4 .  

The C o n t r a c t o r  s h a l l  p r e p a r e ,  and submit  f o r  Goverrment a p p r o v a l ,  a  t e s t  
r ange  v a l i d a t i o n  r e p o r t  which v e r i f i e s  t h a t  t h e  abovc range r e q u i r e m e n t s  
have been met f o r  a l l  r anges  t h a t  w i l l  be employed t o r  thc  an tenna  t e s t s  
of pa ra .  4. T h i s  v a l i d a t i o n  of an tenna  r e s t  range c a p a b i l i t y  s h a l l  be 
submi t t ed  t o  t h e  Government 90 days  p r i o r  t o  t h e  s t a r t  of r e l a t e d  t e s t i n g  
a c t i v i t i e s .  

 he C o n t r a c t o r  s h a l l  submi t ,  w i t h i n  90 days  a f t e r  award of c o n t r a c t ,  a  
p l a n  and schedu le  f o r  p r o v i d i n g  r he r e q u i r e d  range f a c i l i t i e s .  

5 .  PREPARATION FOR DELIVERY 

  he a n t e n n a s  ( w i t h  f i l t e r s )  and r o t a r y  j o i n t s  s h a l l  be packed,  packaged,  
and marked i n  accordance  w i t h  t h e  c o n t r a c t .  
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ANTENNA TEST RANGE 

A2.1 I n t r o d u c t i o n  

T h i s  append ix  i s  r e f e r e n c e d  i n  pa ra .  4 .7  of t h e  main s p e c i f i c a t i o n  
and e s t a b l i s h e s  d e s i g n  g u i d e l i n e s  and probe d a t a  r e q u i r e m e n t s  f o r  
t h e  t e s t  r a n g e ( s )  t h a t  w i l l  be employed i n  v e r i f y i n g  an tenna  performance.  

The purpose  of  an tenna  t e s t i n g  i s  t o  d e t e r m i n e  how t h e  an tenna  w i l l  
perform under a c t u a l  o p e r a t i n g  c i r c u m s t a n c e s .  For t h i s  r e a s o n ,  i t  i s  
impor tan t  t o  a s s e s s  t h e  c h a r a c t e r i s t i c s  of t h e  an tenna  i t s e l f ,  and n o t  
o f  t h e  a n t e n n a  i n  one  p a r t i c u l a r  environment .  I d e a l l y ,  t h e  t e s t  an tenna  
would b e  p laced  i n  f r e e  space  w i t h  a  source  an tenna  a t  a  n e a r  i n f i n i t e  
s e p a r a t i o n .  T h i s  would pe rmi t  measurement of t h e  c h a r a c t e r i s t i c s  of  t h e  
a n t e n n a  i n  t h e  absence  o f  e x t e r n a l  i n t e r f e r e n c e  and i n  a n  i n c i d e n t  f i e l d  
uniform i n  b o t h  phase  and ampl i tude .  However, t h i s  i s  n o t  p o s s i b l e  and 
r e s t r i c t i o n s  must b e  e s t a b l i s h e d  on t h e  a c t u a l  t e s t  environment .  

A t e s t  environment i n  which t h e  phase  t a p e r  a c r o s s  t h e  t e s t  an tenna  i s  
minimal must be  p rov ided .  I f  t h i s  t a p e r  i s  t o o  s e v e r e ,  t h e  an tenna  d o e s  
n o t  i n t e g r a t e  t h e  energy o v e r  i t s  s u r f a c e  i n  t h e  same manner a s  i t  d o e s  
a t  ex t remely  l a r g e  s e p a r a t i o n s  and t h e  r e s u l t i n g  p a t t e r n s  a r e  d i s t o r t e d ,  
Acomrnonly employed c r i t e r i o n  i s  t o  r e s t r i c t  t h i s  phase  t a p e r  t o  a  
maximum o f  T/$ r a d i a n s  o r  2 2 . 5  e l e c t r i c a l  d e g r e e s .  Secondly ,  t h e  
a m p l i t u d e  t a p e r  a c r o s s  t h e  an tenna  must  be main ta ined  a t  a  minimal 
amount. The pr imary e f f e c t  of  moderate  a m p l i t u d e  t a p e r  i n  t h e  i n c i d e n t  
f i e l d  i s  t o  produce e r r o r s  i n  t h e  r e l a t i v e  l e v e l s  of  t h e  minor l o b e s  of  
t h e  r a d i a t i o n  p a t t e r n  and t o  i n d i c a t e  a g a i n  s l i g h t l y  l e s s  t h a n  t h e  
a c t u a l  value . '  For most a n t e n n a s  t o  be  t e s t e d ,  a n  i n c i d e n t  f i e l d  which 
i s  c o n s t a n t  

k h a s t a i n ,  J. B . ,  e t  a l ,  I n v e s t i g a t i o n s  o f  P r e c i s i o n  Antenna P a t t e r n  
Recording and D i s p l a y  Techniques .  , S e c t  ion  2 . 1 9  s ,  5-912,  A p r i l  1963 
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Fig~reA2.1 Deviation of t ransmit ted phase f r o n t  from spheres centered on 
t r ansmi t t i ng  antenna. R i s  radius.  A 30 dB Taylor aper ture  
d i s t r i b u t i o n  i s  assumed. 
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The main lobe ex tends  from approximately U = -1.6% t o  U = 1 . 6 6 ,  where 
U (# /A)  d s i n  8. Even a t  a  range a s  small a s  d h ,  tire phase f r o n t  i s  
s p h e r i c a l  t o  w i t h i n  2 degrees  between the  1 d e c i b e l  p o i n t s  of p a t t e r n ;  
t h i s  c o n d i t i o n  i s  t y p i c a l  of r easonab ly  focused symmetrical an tennas .  
When t h e  t r a n s m i t t i n g  antenna is  focused a t  the  t e s t  r ange ,  the  phase 
f r o n t  w i l l  be e ssen t i a l1 .y  t h a t  f o r  R =op. When the  t r a n s m i t t i n g  antenna 
i s  s i g n i f i c a n t l y  defocused,  s l i g h t l y  g r e a t e r  p h a s e  v a r i a t i o n  w i l l  be 
exper ienced .  I n  any e v e n t ,  the  d e v i a t i o n  of  ilie phase f r o n t  from 
s p h e r i c a l  between t h e  114 d e c i b e l  p o i n t s  of the  beam w i l l -  be s m a l l .  

iFrom F i g u r e s  A 2 . 1  and A 2 . 2 ,  it can  b t  seen t h a t  t h e  phase v a r i a t i o n  

a c r o s s  the  a r e a  occupied by a test antenna i s  a l m o s t  e n t i r e l y  due t o  the  
s p h e r i c a l  n a t u r e  of  the  wave emanating from the  t r a n s m i t t e r  antenna.  Th i s  
d e v i a t i o n  can  be c a l c u l a t e d  from t h e  geometry of  Figure  A2.2. 
D is  the  maximum a p e r t u r e  dimension of t h e  antenna under t e s t  and R is  
t h e  d i s t a n c e  from t h e  t e s t  antenna t o  the  c e n t e r  of phase of  the  source  
antenna.  

From t h e  f i g u r e ,  2 2 2 
(R + A )  = R -k ( ! l /2 )  

hence 
A2 + 2RA = II2/4 

for A<<2R. 

Figure ~ 2 . 2  Section through incident  phasefmnt a t  a t e s t  a e p r a t i o n  
R > > D .  
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The r e s u l t i n g  phase d e v i a t i o n  a t  the  extremes of t h e  t e s t  a p e r t u r e  
a s  compared t o  t h a t  a t  the  c e n t e r  i s  then  

2 
8 = 2 H (D /8R) r a d i a n s .  (2 -4) 

A 
A commonly employed c r i t e r i o n  i s  a  phase r e s t r i c t i o n  of 22.5 d e g r e e s ,  
(8 = N / 8 )  , which when s u b s t i t u t e d  i n t o  equa t ion  (2 .4)  y i e l d s  : 

2  
I f  antenna measurements a r e  made a t  a  range of 2D / A  , t h e r e  w i l l  be a  
s i g n i f i c a n t  d e p a r t u r e  of the  n u l l s  of  the  r a d i a t i o n  p a t t e r n  and t h e  
l o c a t i o n  and l e v e l s  of t h e  minor lobes  from t h e i r  i n f i n i t e - r a n g e  v a l u e s .  
The amount of the  dev ia thon  depends on the  o r i g i n a l  s i d e - 1  be l e v e l  and 9 s t r u c t u r e .  D .  R .  Bhodes c a l c u l a t e d  t h a t  a t  a  range of 2D / A  t h e  f i r s t  
n u l l  of t h e  p a t t e r n  produced by a  r e c t a n g u l a r  a p e r t u r e  w i t h  uniform 
i l l u m i n a t i o n  has a  l e v e l  of about -23 d e c i b e l s  i n s t e a d  of --decibels.  
Th i s  d e v i a t i o n  i s  caused o n l y  by phase -e r ro r  e f f e c t s ;  the  incident-wave 
ampl i tude over t h e  t e s t  a p e r t u r e  was assumed c o n s t a n t .  The i n f i n i t e  

s l n  x  range p a t t e r n  i n  t h e  above case  has a  7 c o n f i g u r a t i o n  w i t h  a  
f i r s t - l o b e  l e v e l  of  about -13 d e c i b e l s .  

F igure  A 2 . 3  i s  a  g raph  showing t h e  i n f i n i t e  range p a t t e r n  o f  a  
c i r c u l a r  a p e r t u r e  w i t h  a  30 d e c i b  1 Taylor  i s t r i b u t i o n  and 5 9 t h e  p a t t e r n s  a t  s e p a r a t i o n 9  of 20 /A and 4D 12 a s  c a l c u l a t e d  by a  
F o u r i e r  I n t e g r a l  Computer. I a n  a n t e  na such a s  t h i s  i s  a d j u s t e d  f o r  5 9 optimum focus  a t  a  range of 2D / A  o r  4D / A  f o r  example, the  antenna w i l l  
be l i g h t l y  defocused f o r  o p e r a t i o n  a t  extreme ranges .  I t  i s  e v i d e n t  t h a t ,  
f o r  extreme accuracy of the  i n f i n i t e - r a n g e  s ide - lobe  s t r u c t u r e ,  me s u r e -  9 ments must be made a t  a  range which i s  a p p r e c i a b l y  g r e a t e r  than  4D / A  . 
The above s e p a r a t i o n  c r i t e r i o n  i s  e q u a l l y  v a l i d  f o r  t h e  ground r e f l e c t i o n  
mode of o p e r a t i o n .  I n  t h e  c a s e  of t h e  ground r e f l e c t i o n  r a n g e ,  R i s  
t h e  s e p a r a t i o n  between t h e  source-image a r r a y  and t h e  t e s t  a p e r t u r e .  8 ,  9 

6 ~ h o d e s ,  D. R. "On Minimum Range f o r  R a d i a t i o n  P a t t e r n s  ," Proc .  I. R .  E .  
Vol.  42 ,  No. 9 ,  pp 1408-1410, September 1954. 

8 ~ o l l i s ,  J. S.  , e t  a l ,  A P r e c i s i o n  Ground-Ref l e c t i o n  Antenna Bores ight  
'Jest Ranqe p repared  f o r  p r e s e n t a t i o n  a t  1 4 t h  Annual Symposium on USAF 
Antenna Resesrcn and Development, U n i v e r s i t y  of I l l i n o i s ,  October ,  1964. 

 on, T .  J . ,  e t  a l ,  E v a l u a t i o n  of t h e  NASA-KSC-MILA RF Bores igh t  
T e s t  F a c i l i t y  a t  X-Band and S-Band, F i n a l  Repor t ,  Con t rac t  No. 
NAS10-2103, May, 1966. 
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Figure A2.3 Calculated radia t ion  pa t te rns  of a paraboloid with 
quadratic phase err& encountered i n  measuring a t  
t h ree  ranges as indicated. 
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Ac tua l  c a l c u l a t e d  p a t t e r n s  f o r  t h e s e  v a r i o u s  t e s t  s e p a r a t i o n s  a r e  
shown i n  F i g u r e s A 2 . 4  th rough  A 2 . 7 .  A 1 0 - d e c i b e l  c o s i n e  a p e r t u r e  
i l l u m i n a t i o n  f u n c t i o n  on t r a n s m i t t i n g  was assumed f o r  t h e s e  p a t t e r n s .  
T h i s  i l l u m i n a t i o n  f u n c t i o n  i s  ve ry  s i m i l a r  t o  t h a t  of many 
commonly used microwave antennas .  The t r u e  p a t t e r n  f o r  t h e  antenna 
is  shown i n  Figure  A 2 . 4  which r e p r e s e n t s  i l l u m i n a t i o n  by a  p lane  
wave of uniform ampl i tude.  As the  t e s t  s e p a r a t i o n  i s  dec reased ,  a s  
i s  shown s e q u e n t i a l l y  i n  F igures  A 2 . 5  th rough  A 2 . 7 ,  t h e  n u l l s  
f i l l  i n  and the  s i d e l o b e s  a r e  r a i s e d .  Th i s  i s  accompanied by a  lower 
measured ga in  f o r  t h e  antenna.  More w i l l  be s a i d  about t h i s  ga in  r e d u c t i o n  
i n  the  fo l lowing s e c t i o n .  

A2.2.2 Amplitude Taper Over t h e  T e s t  Aper tu re  

The e f f e c t  of amplitude t a p e r  of the  i n c i d e n t  f i e l d  over the  t e s t  
a p e r t u r e  on 1 6 c e i v i n g  can be cons ide red  from t h e  viewpoint  of 
r e c i p r o c i t y .  V a r i a t i o n  of the  amplitude of the  f i e l d  over the  
a p e r t u r e  on r e c e i v i n g  i s  analogous ,  w i t h i n  t h e  accuracy of the  
a p e r t u r e  f i e l d  approach,  t o  the  m o d i f i c a t i o n  of the a p e r t u r e  il-lurnina- 
t i o n  by t h e  pr imary feed on t r a n s m i t t i n g .  For example, cons ide r  the  
p a t t e r n  of a n  antenna whose feed would produce an a p e r t u r e  i l l u m i n a t i o n  
f  ( 8 , r  ) on t r a n s m i t t i n g ,  where ( 8 , r )  i n d i c a t e s  p o s i t i o n  i n  the  
a p e r t u r e .  I f  i l l u m i n a t e d  on r e c e i v i n g  by a  source  antenna which produces 
over  t h e  t e s t  a p e r t u r e  a n  ampl i tude t ape r  g ( 8 , r ) ,  t he  measured p a t t e r n  
would be t h a t  of a  t r a n s m i t t i n g  antenna i l lumina ted  by a  feed which 
produces a n  i l l u m i n a t i o n  of f  ( 8 , r )  g  ( 8 , r )  over the  a p e r t u r e .  I f  
g  ( 8 , r )  i s  c o n s t a n t  i n  amplitude and phase over t h e  a p e r t u r e ,  t h e  
measured p a t t e r n  w i l l  be t h e  same a s  t h e  i n f i n i t e - r a n g e  p a t t e r n  f o r  t h e  
i l l u m i n a t i o n  f  ( 8 , r ) .  The g r e a t e r  g  ( 8 , r )  d e v i a t e s  from c o n s t a n t ,  t h e  
g r e a t e r  w i l l  be the  d e v i a t i o n  of the  measured p a t t e r n  from the  i n f i n i t e -  
range p a t t e r n .  The q u a n t i t a t i v e  e f f e c t  of  n e a r l y  c o n s t a n t  f u n c t i o n s  
g ( 8 , r )  cannot  be determined,  however, wi thou t  assumption of f  ( 8 , r ) .  

FigureA2.8 i s  a  c a l c u l a t e d  i n f i n i t e - r a n g e  p a t t e r n  of a  c i r c u l a r  a p e r t u r e  
w i t h  a  10-dec ibe l  c o s i n e  t a p e r  d i s t r i b u t i o n  a s  t e s t e d  w i t h  a  source  antenna 
which produces c i r c u l a r l y  symmetric amplitude t a  e r  of 0 .5  d e c i b e l s  a t  
t h e  pe r iphery .1 f  The t a p e r  i s  assumed t o  have a  form which c l o s e l y  
approximates a  l a r g e  p o r t i o n  of the  t r a n s m i t t e d  beam of most narrow-beam 
an tennas .  The e f f e c t s  of  amplitude t a p e r  on the  c a l c u l a t e d  p a t t e r n s  a r e  
n o t  n e a r l y  a s  d ramat ic  a s  t h e  e f f e c t s  of phase t a p e r  caused by s h o r t  range 
l e n g t h s .  The c a l c u l a t e d  p a t t e r n s  show n e a r l y  i d e n t i c a l  c l o s e - i n  s i d e l o b e s ,  
T.he r e d u c t i o n  i n  g a i n  i s  abou t  0 .15 d e c i b e l  f o r  t h e  0.5 d e c i b e l  taDer.  

1 ° ~ h a s t a i n ,  J .  B . ,  e t  a l ,  op c i t  

l l ~ o l l i s ,  J .  S . ,  e t  a l ,  op c i t  
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Figure A 2 - 8  Calculated r ad ia t ion  pa t t e rns  of a paraboloid with a 

10 dB ape r tu re  i l luminat ion  t ape r ;  ( 1 )  Measured with  a 
0.5 dB ( s i n  x)/x t a p e r  of t he  source antenna pa t t e rn ,  
and ( 2 )  'wi th  no taper .  
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The d e c r e a s e  i n  measured g a i n  caused  by a p e r t u r e  t a p e r  i s  de t e rmined  by 
t h e  amount o f  t a p e r  and by t h e  a p e r t u r e  i l l u m i n a t i o n  f u n c t i o n  of  t h e  
an t enna  under  t e s t .  For  t y p i c a l  i l l u m i n a t i o n  f u n c t i o n s ,  e s t i m a t e s  of  
d e c r e a s e  i n  measured g a i n  a r e  0 . 1  d e c i b e l  f o r  a  0 .25  d e c i b e l  t a p e r  and 
0 .04  d e c i b e l  f o r  a  0 . 1  d e c i b e l  t a p e r .  A t a p e r  o f  l e s s  t h a n  a p p r o x i m a t e l y  
0 . 0 1  d e c i b e l  would be r e q u i r e d  t o  l i m i t  t h e  d e c r e a s e  i n  g a i n  t o  0 . 0 1  
d e c i b e l .  A t a p e r  o f  0 . 0 1  dec ibe l .  would r e q u i r e  a  t r a n s m i t t i n g  an t enna  
3 - d e c i b e l  beamdwidth o f  approximateLy 16  t i m e s  t h e  w i d t h  o f  t h e  a p e r t u r e  
under  t e s t .  

C a l c u l a t e d  v a l u e s  o f  t h e s e  d e c r e a s e s  i n  g a i n  a s  f u n c t i o n s  of b o t h  phase  
and ampl i t ude  t a p e r s  a r e  p r e s e n t e d  i n  T a b l e s  P L . l  t h r o u g h  A . . 4  f o r  
f o u r  d i f f e r e n t  a p e r t u r e  i l l u m i n a t i o n  f u n c t i o n s .  It c a n  be s e e n  i n  t h e s e  
t a b l e s  t h a t  t h e  c o r r e c t i o n  f a c t o r s  a r e  of  s u f f i c i e n t  c o n s i s t e n c y  w i t h  
i l l u m i n a t i o n  f u n c t i o n  t h a t  r e a s o n a b l y  a c c u r a t e  c o r r e c t i o n s  c a n  be made t o  
measured g a i n  u s i n g  t h e s e  t a b l e s  a l o n e .  

A c r i t e r i o n  of  0.25 d e c i b e l  i s  commonly employed f o r  t h e  l i m i t  o f  t h e  
ampl i t ude  t a p e r  ove r  t h e  t e s t  a p e r t u r e .  C a l c u l a t e d  p a t t e r n s  r e v e a l  
l i t t l e  d i s t o r t i o n  t o  t h e  expec t ed  p a t t e r n  a s  a  r e s u l t  o f  s m a l l  a m p l i t u d e  
t a p e r s  i n  t h e  i l l u m i n a t i n g  f i e l d .  The c a l c u l a t e d  p a t t e r n  f o r  t h e  0 .25  dB 
t a p e r  i s  e s s e n t i a l l y  t h e  same a s  t h e  one f o r  t h e  uni form f i e l d .  However, 
i f  a  s o u r c e  an t enna  i s  employed which i s  c a l c u l a t e d  t o  produce  a  t a p e r  of  
t h e  f i e l d  ove r  t h e  t e s t  a p e r t u r e ,  i t  i s  e s s e n t i a l  t h a t  t h e  t r a n s m i t t i n g  
an t enna  be d i r e c t e d  such  t h a t  t h e  peak  of  i t s  beam i s  c e n t e r e d  on t h e  
an t enna  under  t e s t  t o  p r e v e n t  e x c e s s i v e  and a symmet r i ca l  i l l u m i n a t i o n  
t a p e r  w i t h  a  r e s u l t a n t  i n c r e a s e  i n  t h e  measur ing  e r r o r .  

It i s  i m p o r t a n t  t o  n o t e  t h a t  e r r o r  from symmet r i ca l  ampl i t ude  t a p e r  
w i t h i n  t h e  a c c e p t e d  c r i t e r i o n  of  0.25 d e c i b e l  does  no t  produce  a  
d e f o c u s i n g  type  of e r r o r  b u t  a  s m a l l  m o d i f i c a t i o n  of  t h e  measured s i d e -  
l o b e  l e v e l s  and a n  e r r o r  i n  measured g a i n .  F i g u r e  A 2 . 9  shows t h e  
e f f e c t  o f  b o t h  a  0.25 d e c i b e l  ampl i t ude  t a p e r  produced by t h e  d i r e c t i v i t y  
of a  t r a n s m i t  an t enna  and  a  2 2 . 5 O  phase  t a p e r  produced  b y  a  r a n g e  l e i l g t h  
o f  2 ~ ~ / b .  The an t enna  i s  t r u l y  c h a r a c t e r i z e d  by t h e  p a t t e r n  shown i n  
F i g u r e  A 2 . 4 .  A g a i n  r e d u c t i o n  o f  0.154 d e c i b e l s  would accompany t h i s  
p a t t e r n  d i s t o r t i o n .  
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Figure A2.9 Calculated pat tern  of an ar;<c-ma with a 1 0  dB Cosine feed illumination function. A 
phase taper  corresponding tc a test separatian of 2ll2/-and a 0.25 dB amplitude taper  
of the  i l lun-dat ing f i e l d  characterized by a(3in x)/x fiistribution a r e  assumed. 
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The geometry o f  t h e  e l e v a t e d  r ange  i s  shown i n  F i g u r e  A2.10. N e g l e c t i n g  
r e f l e c t e d  e n e r g y  from t h e  r ange  s u r f a c e  which w i l l  be  d i s c u s s e d  l a t e r ,  t h e  
ampl i t ude  t a p e r  a c r o s s  t h e  t e s t  an t enna  i s  c o n t r o l l e d  by t h e  beamwidth 
of  t h e  , t r a n s m i t  a n t e n n a .  The a n g l e  a subrended  by t h e  an t enna  under  
t e s t ,  denoted  by D i n  t h e  f i g u r e  i s  g i v e n  b y :  

- 1 
a = 2 t a n  (D/2R0) D/R, (2.6) 

s i n c e  Ro>> D .  The app rox ima te  1 / 4  dB beamwidth 8 ( .25)  of t y p i c a l  

o f  t r a n s m i t t e d  p a t t e r n  & test  

I- 0 

Figure A2.10  Elevated Antenna range geometry. 

p a r a b o l o i d a l  a n t e n n a s  commonly used  f o r  s o u r c e  a n t e n n a s  i n  t h e  e l e v a t e d  
mode i s  g i v e n  by:  

where d  i s  t h e  d i a m e t e r  o f  t h e  s o u r c e  an t enna  and h i s  t h e  wave leng th .  I t  
i s  r e a d i l y  s e e n  t h a t  r e s t r i c t i n g  t h e  ampl i t ude  t a p e r  on  t h e  t e s t  an t enna  
t o  a  maximum of  0 .25 dB i s  ana logous  t o  r e s t r i c t i n g  t h e  maximum d i a m e t e r  
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o f  t h e  s o u r c e  a n t e n n a .  T h e r e f o r e :  

0 . 3 7 R l d P  D / R o  

A2.3 E x t r a n e o u s  Energy  

The p r imary  s o u r c e  of  e x t r a n e o u s  ene rgy  on a n  an tenna  r ange  i s  
r e f l e c t i o n s .  A s o u r c e  o f  r e f l e c t i o n s  t h a t  i s  common t o  a l l  a n t e n n a  
r a n g e s  i s  t h e  r ange  s u r f a c e .  I n  t h e  e l e v a t e d  mode of  o p e r a t i o n ,  t h e  
r e f l e c t i o n s  from t h e  v i c i n i t y  o f  t h e  r a n g e  s u r f a c e  a r e  minimized  by 
c l e a r i n g  t h e  v i c i n i t y  o f  t h e  r ange  c e n t e r l i n e  of  a11  o b s t a c l e s  such  
a s  t r e e s ,  s h r u b s ,  e t c .  ; s e l e c t i n g  a  sou rce  an t enna  of h igh  d i r e c t i v i t y  
s o  a s  t o  a l l o w  o n l y  s i d e l o b e  ene rgy  t o  i l l u m i n a t e  t h e  r ange  s u r f a c e ;  
and s c r e e n i n g  t h e  s u r f a c e  from s i d e l o b e  e n e r g y  by s t r a t e g i c a l l y  p l a c e d  
c o n d u c t i n g  s c r e e n s .  

R e f e r  t o  t h e  geometry of  F i g u r e  A2.10. Assume t h a t  t h e  maximum 
a m p l i t u d e  t a p e r  o f  0.25 dB e x i s t s  a c r o s s  t h e  a p e r t u r e .  The 0.25 dB 
beamwidth and main beam n u l l  s e p a r a t i o n  f o r  t y p i c a l  s i n ( x ) / x  micro-  
wave an t enna  p a t t e r n s  a r e  r e l a t e d  by 

I f  t h e  main l obe  ene rgy  i s  r e s t r i c t e d  from t h e  r ange  s u r f a c e ,  t h e n  t h e  
Lower l i m i t  f o r  t h e  n u l l  o f  t h e  t r a n s m i t t e d  p a t t e r n  is t h e  b a s e  of t h e  
r e c e i v e r  tower and :  - 1 

8 (NULL) 6 2  t a n  (hr/Ro) 2hr/R0 (2 .11)  

s i n c e  Ro))hr. Combining t h i s  w i t h  e q u a t i o n s  ( 2 . 8 ) ,  ( 2 . 9 ) ,  and (2.10)  

A p r a c t i c a l  d e s i g n  c r i t e r i o n  f o r  e l e v a t e d  r e s t  r a n g e s  i s  t h a t  t h e  r e c e i v e  
tower i s  4.5 t o  5 t imes  t h e  maximum dimens ion  of  t h e  t e s t  a p e r t u r e .  

When Ro and hr have been s e l e c t e d ,  t h e  i l l u m i n a t i . o n  c r i t e r i o n  of  e q u a t i o n  
(2.11) c a n  be used  t o  s p e c i f y  a  minimum d iame te r  of  t h e  s o u r c e  a n t e n n a .  

T h i s  r e q u i r e s  t h a t :  
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There fo re  a  minimum source  antenna diameter  has been e s t a b l i s h e d  due t o  
the  c o n d i t i o n  t h a t  on ly  s i d e - l o b e  e n e r g y  b e  a l lowed t o  i l l u m i n a t e  t h e  
ground. A maximum diameter  was e s t a b l i s h e d  t o  guarantee  an  accep tab le  
amplitude t a p e r  a c r o s s  the  t e s t  antenna.  The r e s t r i c t i o n s  on the  s i z e  
of the  source  antenna become: 

Many t e s t s  r e q u i r e  suppress ion  of  r a n g e r s u r f a c e  r e f l e c t i o n s  beyond t h a t  
a f fo rded  by p r a c t i c a l  tower h e i g h t s  and source  antenna s i z e s .  Complia~ice 
w i t h  the  c r i t e r i a  of equa t ions  ( 2 . 1 2 )  and ( 2 . 1 4 )  would probably  r e s u l t  i n  
a n  ext raneous  s i g n a l  suppress ion  of the  o rde r  of -25 d e c i b e l s  r e l a t i v e  
t o  t h e  d i r e c t - p a t h  s i g n a l  l e v e l .  The d e s i r e d  suppress ion  can be c a l c u l a t e d  
from the  s p e c i f i e d  accuracy requirements  Dv  u s e  of the  express ion  

-a /20 
r = 201og (1-10 )+ Gp-GR (2.13) 

where 

r is  t h e  r a t i o  of  r e f l e c t e d  t o  d i r e c t - p a t h  s i g n a l  l e v e l s  
i n  d e c i b e l s  ( r  = 2010gER/ED) , 

a  is  the  d e s i r e d  measurement accuracy i n  d e c i b e l s ,  

GD i s  the  decibel .  ga in  of the  t e s t  p a t t e r n  i n  the  d i ~ e c t i c j ~ l  
of t h e  d i r e c t - p a t h  s i g n a l ,  and 

GR i s  t h e  d e c i b e l  ga in  of the  t e s t  p a t t e r n  i n  the  d i r e c t i o n  
of  t h e  r e f l e c t e d  s i g n a l .  

It has  been found t h a t  even over a  very  smooth s u r f a c e ,  primary r e f l e c t i o n s  
can be a d d i t i o n a l l y  suppressed t o  l e v e l s  l e s s  than -35 d e c i b e l s  through the  
use  of s t r a t e g i c a l l y  p laced d i f f r a c t i o n  fences .  Design v a l u e s  f o r  t h e  ' 
dimensions and l o c a t i o n s  of such fences  can be c a l c u l a t e d  u s i n g  F r e s n e l  
zone t h e o r p ,  whi le  f i n a l  ad jus tments  t o  the fence  i n s t a l l a t i o n s  must 
be accomplished exper imenta l ly  by means s i ~ c h  a s  probe d a t a  of the  f i e l d  
over  the  t e s t  a p e r t u r e .  While genera l  c r i t e r i a  have not been developed 
which a p p l y  t o  a l l  e l e v a t e d  range conf i ~ w r a  t l o r i s ,  exper ience  has shown 
t h a t  fences  which s c r e e n  approximate ly  the  f i r s t  20 Fresne l  zones on t h e  
mean range s u r f a c e  w i l l  provide  from -35 d e c i b e l s  t o  -40 d e c i b e l s  of 
suppress ion  of range s u r f a c e  r e f l e c t i o n s  when t h e  t e r r a i n  i s  nominally 
r e g u l a r  i n  c r o s s - s e c t i o n  end t h e  p r e v i o u s l y  1 1  i scussed  c r i t e r i a  a r e  s e t i s -  
f i e d .  It i s  necessa ry  t o  a r range  these  fences  so  t h a t  l i t t l e  o r  no blockage 
of t h e  main lobe of the  t r a n s m i t t e r  p a t t e r n  i s  caused by the  fences .  
Th i s  p r e c a u t i o n  e n s u r e s  t h a t  t h e  r e s l d u a l  v a r i a t i o n s  i n  t h e  f i e l d  over t h e  
t e s t  a p e r t u r e  due t o  d i f i r a c t i o n  e f f e c t s  a t  t h e  fences  w i l l  r e p r e s e n t  a  
r easonab le  compromise w i t h  the  l e v e l  of r e f l e c t e d  s i g n a l  suppress ion .  

*Although F r e s n e l  zones a r e  r i g o r o u s l y  de f ined  on the  b a s i s  of p o i n t  source  
r a d i a t o r s ,  f o r  p r a c t i c a l  antenna range geometr ies  F r e s n e l  zones f o r  a  p o i n t  
i n  t h e  r e c e i v i n g  a p e r t u r e  can be de f ined  by r e g a r d i n g  t h e  t r a n s m i t t i n g  
antenna t o  be a  p o i n t  source  l o c a t e d  a t  the  cen te r -o f -phase  of  i t s  a p e r t u r e .  
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A f u l l  development of F r e s n e l  zone theory  w i l l  no t  be p resen ted  he re .  
The p e r t i n e n t  parameters  of the  F r e s n e l  zones over a  mean p lanar  s u r f a c e  
a r e  t h e  c e n t e r ,  l e n g t h ,  and width  of the  e l l i p s e  which d e s c r i b e  the  
o u t e r  bound of a  p a r t i c u l a r  zone. These parameters  can be c a l c u l a t e d  
from the  range geometry and t h e  frequency of o p e r a t i o n . *  

I n  a d d i t i o n  t o  p r o v i d i n g  l i n e - o f - s i g h t  c l e a r a n c e ,  low- leve l  range s u r f a c e  
i l l u m i n a t i o n ,  and range s u r f a c e  s c r e e n i n g  v i a  d i f f r a c t i o n  f e n c e s ,  t h e  
f a c i l i t y  d e s i g n  should  a l s o  e n s u r e  t h e  c l e a r a n c e  of a l l  major ex t raneous  
r e f l e c t i n g  o r  d i f f r a c t i n g  o b s t a c l e s  over  t h e  r e g i o n  w i t h i n  about  1.5 t o  
2 t i m e s  t h e  a z i m u t h a l  main-lobe wid th  of t h e  t r a n s m i t t e d  p a t t e r n .  Grading 
a l o n g  t h e  range boundar ies  can be performed t o  remove r e g i o n s  of pos- 
s i b l e  d i d e - a n g l e s p e c u l a r  r e f l e c t i o n  i l l t o  t h e  t e s t  a p e r t u r e .  

* See ,  f o r  example,  H o l l i s ,  J. S . ,  e t  a l ,  Microwave Antenna M ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ,  
S e c t i o n  14 .2 .4 .  
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A2.3.1 E f f e c t s  of R e f l e c t e d  Energy 

Consider t h e  c a s e  of a  d i r e c t - p a t h  plane  wave of  amplitude Ed which i s  
normally i n c i d e n t  on the  t e s t  a p e r t u r e 1 2  a s  shown i n  F igure  A L . l l ( a ) .  
L e t  a n  ex t raneous  p lane  wave of ampl i tude Er e n t e r  the  a p e r t u r e  a t  an  
ang le  8 from t h e  normal. A t  any given t ime,  t ,  t he  phase of the  d i r e c t  
wave i s  c o n s t a n t  a c r o s s  the  a p e r t u r e  and the  d i r e c t - p a t h  f i e l d  magnitude 
may be expressed i n  phasor n o t a t i o n  a s  

where the  a s t e r i s k  deno tes  a  complex q u a n t i t y .  

The phase of the  p o s t u l a t e d  ex t raneous  p lane  wave w i l l  v a r y  a c r o s s  the  
a p e r t u r e ,  s o  t h a t  t h e  ext raneous  f i e l d  magnitude is  given by 

I n  (4.1) and ( 4 . 2 ) ,  d and 4 '  a r z  c o n s t a n t s  , h i s  the  wavelength,  and x  i e  
d i s t a n c e  measured a c r o s s  t h e  a p e r t u r e  p a r a l l e l  t o  t h e  p lane  c o n t a i n i n g  
the  d i r e c t i o n s  of p ropaga t ion  of Ed* and Er*. The magnitude of t h e  t o t a l  
f i e l d  i n  t h e  a p e r t u r e  i s  t h a t  g iven by13 

- - 

1 2 ~ h e  d i s c u s s i o n  he re  assumes a  s e p a r a t i o n ,  R ,  between source  and r e c e i v i n g  
an tennas  equal  t o  o r  g r e a t e r  than 2 ~ ~ 1 5 ,  where D i s  t h e  maximum dimension of 
t h e  r e c e i v i n g  a p e r t u r e .  It i s  f u r t h e r  assumed t h a t  the  r a t i o  D / R  i s  smal l  
i n  comparison w i t h  t h e  half-power beamwidth of  the  source  a n t e n n a ' s  p a t t e r n ,  
s o  t h a t  the  p lane  wave approximations a r e  meaningful .  

1 3 ~ h i s  e i m p l i f i e d  esemple assumes t h a t  the  p o l a r i z a t i o n s  of the  r e f l e c t e d ' a n d  
d i r e c t - p a t h  waves a r e  i d e n t i c a l .  While t h i s  i s  not  s t r i c t l y  t r u e ,  o f t e n  the  
r e f l e c t e d  wave w i l l  c o n t a i n  a  l a r g e  component w i t h  p o l a r i z a t i o n  i d e n t i c a l  t o  
t h a t  of the  d i r e c t - p a t h  wave. 



(a)  Reflected Wave Incident  an a test aperture a t  an angle 8 from t h e  d i r e c t i o n  of 
propagation of t h e  d i r e c t  wave. 

TOTAL FIE33 AMPLITUDE 

( c  ) Equivalent Phasor 
Eepresentation. 

( b )  Deta i l s  of wave interference. 

Figure A 2 . 1 1  S k p l i f i e d  sketch i l l u s t r a t . i ~ g  t o t a l  aperture f i e l d  varizt ioi l  caused by a s ing le  
specularly r e f l ec t ed  =-Tee. 
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E q u a t i o n  (4.3) d e s c r i b e s  a  f i e l d  w i t h  a s i n u s o i d a l  v a r i a t i o n  i n  one d imens ion  
a s  s k e t c h e d  i n  F i g u r e  A2.11(b) .  I n  t h i s  f i g u r e ,  E r l  and E r 2  r e p r e s e n t  two 
s u c c e s s i v e  w a v e f r o n t s  of t h e  r e f l e c t e d  wave s e p a r a t e d  by>, and Ed i s  a  
wave f ron t  o f  t h e  d i r e c t  wave o f  i d e n t i c a l  phase .  A t  p o i n t s  x l  and x2,  t h e  
r e s u l t a n t  a m p l i t u d e  i s  

Halfway between t h e s e  two p o i n t s  t h e  waves a r e  i n  phase  o p p o s i t i o n ,  and 
t h e  r e s u l t a n t  a m p l i t u d e  i s  

The maximum a m p l i t u d e  v a r i a t i o n  w i t h i n  t h e  a p e r t u r e  i s  t h u s  g i v e n  by 

F i g u r e  A2.12 i s  a  g r aph  of  t h e  magni tude  
amp l i t ude  r i p p l e  a s  a  f u n c t i o n  of  t h e  r a t  

o f  t h e  r e s u l t a n t  f i e l d  
i 0  Er/Ed.  

The a n g l e  f3 c a n  be de t e rmined  by  

where d i s  s e e n  i n  F i g u r e  A2 .11 (b )  t o  be t h e  s p a t i a l  p e r i o d  of  t h e  
r e s u l t i n g  i n t e r f e r e n c e  p a t t e r n  a c r o s s  t h e  a p e r t u r e .  

The f i e l d  i n  t h e  a p e r t u r e  may a l s o  be r e p r e s e n t e d  a s  t h e  sum of tk'e two 
p h a s o r s ,  Ed;? and Erfc ,  a s  i l l u s t r a t - e d  i n  F i g u r e  A 2 . 1 1 ( c ) ,  where  Er:k r c t n t e s  
r e l a t i v e  t o  Eda ,  The phase  of  t h e  f i e l d  a c r o s s  t h e  a p e r t u r e  w i l l  v a r y  a s  
t h e  phase  of t h e  r e s u l t a n t  o f  t h e  d i r e c t - p a t h  and r e f l e c t e d  p h a s o r s .  The 
maximum phase  v a r i a t i o n  f o r  t h i s  p l a n e  wave c a s e  i s  t h e n  

wliere E,: i s  l e s s  t h a n  Ed. 

The p r e c e d i n g  example ,  a l t h o u g h  r e p r e s e n t i n g  a n  i d e a l i z e d  r e f l e c t i o n ,  demon- 
s t r a t e s  t h e  manner i n  which  e x t r a n e o u s  s i g n a l s  d i s t o r t  a n  o t h e r w i s e  p l a n a r  
w a v e f r o n t .  I n  a  p r a c t i c a l  t e s t  s i t u a t i o n ,  n e i t h e r  t h e  d i r e c t  nor  tk,e 
e x t r a n e o u s  waves would be s t r i c t l y  p l a n a r ,  and t h e r e  would be e x t r a n e o u s  
s i g n a l  s o u r c e s  which c o u l d  c o n t r i b u t e  t o  d i s t o r t i o n  of  t h e  i n c i d e n t  f i e l d .  
For  e l e v a t e d  r a n g e s ,  however ,  f o r  which t h e  r e g i o n  a round t h e  r a n g e  l i n e -  
o f - s i g h t  i s  r e l a t i v e l y  c l e a t  o f  r e f l e c t i n g  o b j e c t s ,  t h e  p r imary  s o u r c e  o f  
e x t r a n e o u s  s i g n a l s  i s  t h e  r a n g e  s u r f a c e  and t h e  ma thema t i ca l  model 
deve loped  above i s  a  u s e f u l  a p p r o x i m a t i o n  t o  t h e  p h y s i c a l  s i t u a t i o n .  
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Figure ~ 2 . 1 2  Magnitude of the maximum f i e l d  perturbation as a function 
of the r e l a t i v e  magnittvle of the  r e f l ec t ed  signal. 
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A2.3.2 Range F e n c e s  14 

Energy which  i s  i n c i d e n t  on  t h e  r a n g e  s u r f a c e  i s  r e r a d i a t e d  i n  a l l  
d i r e c t i o n s ;  t h a t  e n e r g y  which i s  r e f l e c t e d  i n t o  t h e  t e s t  a p e r t u r e  i s  a 
summation of  w a v e l e t s  r e r a d i a t e d  from e v e r y  p o i n t  on t h e  s u r f a c e .  I f  
t h e  s u r f a c e  i s  smooth i n  t e rms  of  t h e  wave l eng th  o f  t h e  r a d i a t i o n ,  t h e  
e n e r g y  s t r i k i n g  t h e  s u r f a c e  w i l l  be r e r a d i a t e d  w i t h  a  major  l o b e  i n  
t h e  s p e c u l a r  d i r e c t i o n  ( a n g l e  of  i n c i d e n c e  e q u a l  t o  t h e  a n  l e  o f  r e f l e c t i o n )  
i n  acco rdance  w i t h  P e r m a t ' s  p r i n c i p l e  o f  s t a t i o n a r y  p h a s e l g .  When t h e  
wave l eng th  is  s u f f i c i e n t l y  s h o r t  and t h e  r ange  s e p a r a t i o n  s u f f i c i e n t l y  
l o n g ,  r e f l e c t i o n  from a  smooth r a n g e  s u r f a c e  app roaches  t h e  g e o m e t r i c a l  
o p t i c s  a p p r o x i m a t i o n  i n  which a l l  e n e r g y  i s  r e f l e c t e d  i n  t h e  s p e c u l a r  
d i r e c t  i o n .  

R e f l e c t i o n  from a  smooth s u r f a c e  c a n  be ana lyzed  by d e f i n i n  F r e s n e l  zones  
1 % on  t h e  s u r f a c e  s i m i l a r  t o  t h o s e  d e f i n e d  i n  p h y s i c a l  o p t i c s  , I t  t h e  s u r -  

f a c e  i s  p l a n a r ,  a s  w e l l  a s  smooth ,  t h e  F r e s n e l  zones  produced by a  p o i n t  
s o u r c e  r a d i a t o r  w i l l  be d e f i n e d  by a  f a m i l y  o f  expand ing  e l l i p s e s 1 7 .  
C o n v e n t i o n a l l y  t h e  zones  a r e  i d e n t i f i e d  by numbering them c o n s e c u t i v e l y ,  
b e g i n n i n g  w i t h  t h e  i n n e r  zone .  The s p e c u l a r  p o i n t  f a l l s  w i t h i n  t h e  f i re*  
F r e s n e l  zone a n d ,  f o r  t y p i c a l  e l e v a t e d  r a n g e s ,  i s  n e a r  t h e  g e o m e t r i c a l  
c e n t e r  o f  t h e  f i r s t  zone.  Al though r e f l e c t e d  e n e r g y  from t h e  e n t i r e  

1 4 ~ o r  f u r t h e r  d i s c u s s i o n  of  t h i s  t o p i c  s e e :  
T .  J .  Lyon,  e t  a l ,  " E v a l u a t i o n  of  t h e  NASA-KSC-MILA RF 
B o r e s i g h t  T e s t  F a c i l i t y  a t  X-Band and S-Band,"  FINAL REP3RT 
C o n t r a c t  No. NAS10-2103, S c i e n t i f i c - A t l a n t a ,  I n c . ,  N-67-13025. 
J .  S .  H o l l i s ,  e t  a l ,  " I n v e s t i g a t i o n  of P r e c i s i o n  Antenna P a t t e r n  
Reco rd ing  and D i s p l a y  T e c h n i q u e s ,  Phase  I1 ," FINAL REPORT, 
C o n t r a c t  No. AF30(602) -3425,  S c i e n t i f i c - A t l a n t a  , I n c .  , AD630214. 

15s. S i l v e r ,  Microwave Antenna Theory  and Des ign ,  R a d i a t i o n  L a b o r a t o r y  
S e r i e s ,  V o l .  1 2 ,  McGraw-Hill Book Co. ,  p p .  119-128,  1950 ,  

1 6 s e e ,  f o r  example ,  D .  E .  K e r r ,  P r o p a g a t i o n  of  S h o r t  Radio  Waves, R a d i a t i o n  
L a b o r a t o r y  S e r i e s ,  Vo l .  1 3 ,  McGraw-Hill ,  pp. 411-418,  1951 .  

171t s h o u l d  be  no t ed  t h a t  F r e s n e l  z o n e s ,  a s  used  h e r e ,  a r e  d e f i n e d  i n  t e rms  
of  i s o t r o p i c  r a d i a t o r s  and r e c e i v e r s .  Such zones  d i f f e r  c o n s i d e r a b l y  from 
t h e  h a l f - p e r i o d  zones  which c o u l d  be d e f i n e d  i n  t e rms  of  t h e  a c t u a l  d i r e c t i v e  
s o u r c e  and t e s t  a n t e n n a s .  E x c e l l e n t  r e s u l t s  have been  a c h i e v e d  on t h e  b a s i s  
o f  i s o t r o p i c  a n t e n n a  a n a l y s i s ,  however ,  and f u r t h e r  c o m p l i c a t i o n  of t h e  
ma thema t i c s  a p p e a r s  t o  be u n n e c e s s a r y  i n  most c a s e s .  
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r a n g e  s u r f a c e  c o n t r i b u t e s  t o  t h e  e x t r a n e o u s  s i g n a l  l e v e l  a t  t h e  t e s t  
a p e r t u r e ,  t h e  l e v e l  c a n  be reduced  c o n s i d e r a b l y  by b l o c k i n g  r e f l e c t e d  
e n e r g y  from t h e  f i r s t  s e v e r a l  F r e s n e l  zones .  R e d u c t i o n  of  t h e  r e l a t i v e  
e x t r a n e o u s  s i g n a l  l e v e l  a t  t h e  t e s t  a p e r t u r e  by a p p r o x i m a t e l y  1 0  t o  20 
d e c i b e l s  i s  a c h i e v a b l e  by b l o c k i n g  r e f l e c t i o n s  from a t  l e a s t  t h e  f i r s t  
20 z o n e s ,  f o r  t y p i c a l  e l e v a t e d  an t enna  r a n g e  problems18. T h i s  b lockage  
i s  e a s i l y  ach i eved  t h rough  t h e  u s e  o f  c o n d u c t i n g  f e n c e s  p l a c e d  on t h e  
r a n g e  s u r f a c e  ove r  t h e  c e n t r a l  F r e s n e l  zones19 .  

Jn c h o o s i n g  a  f encc  c o n f i g u r a t i o n  f o r  a n  e l e v a t e d  r a n g e ,  c o n s i d e r a t i o n  must 
be g i v e n  t o  t h e  problem of i n t e r f e r e n c e  due t o  d i f f r a c t i o n  ove r  t h e  f e n c e  
e d g e s .  The e n e r g y  which r e a c h e s  t h e  t e s t  a p e r t u r e  i s  t h e  summation of  
c o n t r i b u t i o n s  from a l l  p o i n t s  on a s p h e r i c a l  wave f ron t  encompass ing  t h e  
s o u r c e ,  a s  d e s c r i b e d  i n  Huygen's  p r i n c i p l e 2 0 ,  21, 2 2 ,  Thus ,  b lockage  of 
any  p o r t i o n  of  t h e  t r a n s m i t t e d  waveEront  r e s u l t s ,  t h rough  t h e  p r o c e s s  uk 
d i f f r a c t i o n ,  i n  a  p e r t u r b a t i o n  o f  t h e  e n e r g y  i n c i d e n t  on  t h e  t e s t  
a p e r t u r e .  The n a t u r e  of  t h e  d i f f r a c t i o n  d i s t u r b a n c e  c a n  be i l l u s t r a t e d  
w i t h  t h e  s i m p l i f i e d  example of d i f f r a c t i o n  ove r  a n  i n f i n i t e ,  s t r a i g h t ,  
a b s o r b i n g  edge  which i.s p l aced  between a  r a d i a t o r  and a  p l a n e  AB, a s  
shown i n  F i g u r e  A 2 . 1 3  , I t  i s  d e s i r e d  t o  know t h e  magnitude of  t h e  f i e l d  
a t  a p o i n t  P ,  which l j e s  i n  t l ie p l a n e  A B .  The a b s o r b i n g  h a l f - p l a n e  b l o c k s  
a p o r t i o n  of  t h e  wave f ron t  ; t h e  f i e l d  a t  P i s  de t e rmined  by  a p p l y i n g  
Huygen's  p r i n c i p l e  t o  sum t h e  c o n t r i b u t i o n s  a t  P from t h e  r ema inde r  of  
t h e  w a v e f r o n t .  The no rma l i zed  f i e l d  a t  P c a n  be approximated  by 23 

1 9 1 d e a l l y ,  a b s o r b i n g  f e n c e s  a r e  p r e f e r r e d  t o  e l i m i n a t e  t h e  p o s s i b i l i t ; )  o f  
r e f l e c t i o n s  from t h e  f e n c e s  r e s u l t i n g  i n  measurement i n t e r f e r e n c e ;  i f  t h e  
f e n c e s  a r e  p r o p e r l y  d e s i g n e d ,  however ,  i n t e r  fe re r lce  from t h i s  s o u r c e  i s  
o f t e n  n e g l i g i b l e .  

2 0 ~ .  C .  J o r d a n ,  E l e c t r o m a g n e t i c  Waves and R a d i a t i n g  Sys t ems ,  P r e n t i c e - H a l l  
pp .  5 7 2 - 5 7 7 ,  1950.  

* ' ~ r u n o  R o s s i  , O p t i c s ,  Addison-Wes l e y ,  Chap te r  4 ,  1957.  

2 2 ~ .  S .  L o n g h u r s t ,  Geome t r i ca l  and P h y s i c a l  O p t i c s ,  Chapter  1 0 ,  1957. 

2 3 ~ .  C .  J o r d a n ,  op c i t .  
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and where Eo i s  t h e  f i e l d  which  would r e s u l t  from t h e  u n o b s t r u c t e d  wave,  
u  i s  t h e  a r c  l e n g t h  measured a l o n g  t h e  wave f ron t  from t h e  l i n e  ~ p ,  
vo  c o r r e s p o n d s  t o  t h e  p o i n t  o f  t h e  w a v e f r o n t  w h i c h  i n t e r  - 
s e c . t s  t h e  t o p  of  t h e  o b s t r u c t i o n ,  d l  i s  t h e  r a d i u s  o f  t h e  w a v e f r o n t ,  a n d  
d 2  i s  t h e  d i s t a n c e  from t h e  w a v e f r o n t  t o  P .  

Diffracting 
Edge 

Figure A *  13  Edge Diffraction Geometry. 

A p l o t  o f  e q u a t i o n  (4.9)  i s  r ep roduced  i n  F i g u r e  A 2 . 1 4 .  P o s i t i v e  v a l u e s  
o f  v ,cor respond t o  f i e l d  p o i n t s  i n  t h e  shadow r e g i o n ;  n e g a t i v e  v a l u e s  c o r -  
r e spond  t o  f i e l d  p o i n t s  i n  t h e  r e g i o n  of  d i r e c t  i l l u m i n a t i o n .  The r e s u l t a n t  
f i e l d  magni tude  i n  t h e  d i r e c t  i l l u m i n a t i o n  r e g i o n  v a r i e s  i n  a n  o s c i l l a t o r y  
manner w i t h  t h e  l o c a t i o n  o f  t h e  o b s e r v a t i o n  p o i n t .  T h i s  d i s t u r b a n c e  i s  
e s s e n t i a l l y  e q u i v a l e n t  t o  t h a t  which  would be caused  by a  c o h e r e n t  
c y l i n d r i c a l  w a v e f r o n t  emanat ing  from t h e  d i f f r a c t i n g  edge which sys tem-  
a t i c a l l y  i n t e r f e r e s  w i t h  t h e  s p h e r i c a l  wave f ron t  o f  t h e  u n o b s t r u c t e d  s ignz l . .  

The f o r e g o i n g  example i s  o b v i o u s l y  i d e a l i z e d .  C l e a r l y ,  a n  i n f i n i t e ,  
p e r f e c t l y - a b s o r b i n g  h a l f - p l a n e  i s  n o t  p h y s i c a l l y  r e a l i z a b l e ;  i t  h a s  been 
shown, however ,  t h a t  d i f f r a c t i o n  p a t t e r n s  f o r  f i n i t e ,  r e f l e c t i n g  edges  



FAA-E-2660 
Appendix 2  

a r e  s i m i l a r  t o  t h e  t h e o r e t i c a l  p a t t e r n  of  F i g u r e  ~ 2 . 1 4 .  
211, 25 

Magnitude of r e l a t ive  field 
s trerigth versus Vo - Shadow zone 

Vo 

Figure LIZ-14 Field amplitude due t o  d i f f r ac t ion  a t  an edge. 

D i f f r a c t i o n  d i s t u r b a n c e s  c a n  be reduced  by i n c r e a s i n g  t h e  c l e a r a n c e  of  
t h e  r ange  l i n e - o f - s i g h t  above t h e  f e n c e s  and by u t i l i z i n g  the d i r e c t i v i t y  
o f  t h e  s o u r c e  an t enna  t o  minimize t h e  ene rgy  b locked  by t h e  f e n c e s .  A 
d e s i r a b l e  d e s i g n  g o a l  i s  t o  p r o v i d e  f o r  s u f f i c i e n t  c l e a r a n c e  over  each  
f e n c e  t o  a l l o w  pas sage  of  t h e  e n t i r e  p r i n c i p a l  l obe  of t h e  r a d i a t e d  
e n e r g y  d i s t r i b u t i o n .  F u r t h e r  r e d u c t i o n  c a n  be a c h i e v e d ,  i f  r e q u i r e d ,  
by  s h a p i n g  t h e  t o p s  o f  t h e  f e n c e s  (w i th  s e r r a t i o n s ,  f o r  example) t o  
d e s t r o y  t h e  phase cohe rence  o f  t h e  d i f f r a c t e d  ene rgy .  

2 4 ~ .  M a r t i n i d e s  , "The S c r e e n i n g  E f f e c t  of O b s t a c l e s  With a  S t r a i g h t  Edge ," 
Goddard Space F l i g h t  C e n t e r ,  N65-33504-04, 1965,  p .5 .  

2 5 ~ .  J .  Lyon, e t  a l ,  op c i t .  
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A2.4 P robe  Da ta  Requ i r emen t s  

P a r a g r a p h  4 .7  e s t a b l i s h e s  r e q u i r e m e n t s  f o r  t h e  e l e c t r o m a g n e t i c  per tor rnance  
o f  t h e  t e s t  r a n g e ( s )  u sed  by t h e  C o n t r a c t a r  t o  v e r i f y  t h e  e l e c t r i c a l  
c h a r a c t e r i s t i c s  o f  t h e  a n t e n n a s .  The e l e c t r o m a g n e t i c  p f r f o r n n n r e  o f  t h e  
t e s t  r a n g e ( s )  w i l l  h e  v e r i f i e d  by r e c o r d i n g  t h e  probe  d c l t ~  c!c-sczil~ed be?,>w 
and r e p o r t i n g  t h e s e  r e s u l t s  i n  t h e  C o n t r a c t o r  ' s  r a n g e  vd i i c ia t  ion u c p o ~  t 
The p robe  d a t a  must  meet  t h e  r e q u i r e m e n t s  e s t a b l i s h e d  be low p r i o r  t~ 
a c c e p t a n c e  o f  t h e  r a n g e ( s )  a s  s u i t a b l e  f o r  t h e  t e s t i n g  r .ec,uirrd 'I> 

t h i s  c o n t r a c t .  

A probe  mechanism s i m i l a r  t o  t h a t  shown i n  F i g u r e  A2.15 s h a l l  h t  used  f o r  
t h e  f i e l d  measu remen t s  r e q u i r e d  be low.  The 3-dB e l e v a t i o n  2nd ~ i z  m u .  11 b ea rn~ , s~d ths  
o f  p r o b e  s h a l l  b e  no l e s s  t h a n  30 d e g r e e s .  The e l e v a t i o n  bcdlnhiilth u: . I : ~  

p r o b e  s h a l l  n o t  b e  l e s s  t h a n  2  t a 1 1 ' ~ ( 4 h ~ / ~ o )  r a d i a n s  where h t  a ~ a  R G  a r e  
d e f i n e d  i n  F i g u r e  A2.10. 

A l l  p r o b e  d a t a  and  r e l a t e d  r e q u i r e m e n t s  d e s c r i b e d  below a r e  ncces -cc ry  a t  
b o t h  1030 MHz and 1090 MHz. 

A2.4 .1  P robe  Measurements  Over T e s t  A p e r t u r e  

The p l a n e  no rma l  t o  t h e  l i n e  o f  s i g h t  from t h e  s o u r c e  a n t e n n z  i c 7 t  t e s t  
a n t e n n a  and  p a s s i n g  t h r u  t h e  g e o m e t r i c a l  cen t e i -  of t h e  t e s t  41i tr ; ina a p e r t u r c  
when t h i s  a p e r t u r e  i s  a l s o  no rma l  t~ :he l i n e  of  s i g h t  I s  t h t  Fzsr  a p ~ r t u r e p l a n e .  
The  t e s t  a p e r t u r e  i s  t h e  minimum r c g i o n  w i t h i n  t h e  t e s t  ape r t111 .  p ace  C'-icic 
i n c l u d e s  a l l  p r o j e c t i o n s ( p a r a l l e 1  1 c ? h e  above  mentioned li; 3 i  ' h . 3 t )  
of t h e  t e s t  a n t e n n a  a p e r t u r e  o v e r  a l l  a n g l e s  o f  e l e v , l t i o n  t i l t  anJ a - i , f i . ~ ~ ~ i ~  

r o t a t i o n  employed d u r i n g  d n t e n n a  t e s t i n g .  

The f o l l o w i n g  p robe  d a t a  and  a s s o c i a t e d  pe r fo rmance  a r e  r e q u i r e d .  

(1) Wi th  t h e  s o u r c e  a n t e n n a  o r i e n t e d  t o  t r a n s m i t  v e r t l . c a l l y  pola:cl.ai..i 
e n e r g y  and  t h e  f i e l d  p r o b e  a n t e n n a  o r  Fenced t o  r e c e i v p  v e r t  i c n ? l y  
p o l a r i z e d  e n e r g y  a long  t h e  l i n t ?  o f  s i g h t  t o  :tie sou l -ce  a n t e n n a ,  r i c o r d  
t h e  d e t e c t e d  s i g n a l  from t h e  p r o b e  a n t e n n a  a s  i t  i s  rr!oved ac:r~>s:: !:he 
hor  i z o n t . a l  c e n t e r  l i n e  o f  t h e  t e s t  a p e r t i l r e .  Repr:ar t i i i s  reccr.cil::g 
w i t h  t h e  p r o b e  moving a l o n g  b o t h  d i a g o n a l s  a c r o s s  t h c  t e s t  a p e ~ . t u r e  
( t h r o u g h  t h e  c e n t e r  of  t h e  t e s t  a p e r t u r e )  and a l o n g  t:he ?n t i r c r  ):,?t,!ca! 
c e n t e r  l i n e  o f  t h e  t e s t  a p e r t u r e .  

( a ) T h e  a m p l i t u d e  t a p e r ,  f o r  any  r e c o r d i n g  a c r o s s  t h e  e n t i r e  t e s t  
a p e r t u r e ,  s h a l l  b e  l e s s  t h a n  0 .25  dB a s  d e t e r m i n e d  b y  mea-uring C ; I ~  

d i f f e r e n c e  be tween t h e  a m p l i t u d e s  of  t h e  maximum dnd m ~ n i r o u n ,  . J c . ~ r ~ t s  
o f  t h e  t a p e r .  

(b)'The atnp1it.uc~e t a p e r  s h a l l  be  c e n t e r e d  on tht t e s t  a p e r t u r e  i n  t h e  
s e n s e  t h a t  t h e  peak o f  t h e  tapCJr s h a l l  b e   entered on tti: 't5t 

a p e r t u r e  and, f o r  any  one  r e c o r d i n g ,  t h e  t a p e r  l e v e l s  a t  t i l t ,  e d g e s  
o f  t h e  t e s t  aper tur : .  s h a l l  b e  t h e  same t o  w i t n i n  6 . 1 0  d B .  
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D m  MOMR AND 
SYNCHRO PACKAGE 

UPPER AZlMVTH 1 
/' 

TURNTABLE 

P R O W  AN!CEXTV. AN-0 
.WXER 

PROBE CARHUGE 

RF CABLE 

RF CABLE F UUEY 

- CONSTANT TENSION CABLE 

CONSTANT IENS ION Z.ARLJ3 
/JTAXE-W 

Figure A 2 . 1 5  Schematic diagram of f i e l d  probe mechnni sm. 
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( c )  The maximum p e a k - t o - v a l l e y  v a r i a t i o n  between any maximum and 
t h e  a d j a c e n t  minimum s h a l l  be l e s s  than  0.35 dB when t h e  e f f e c t s  of  t a p e r  
have been accoun ted  f o r .  

( d )  The maximum p e a k - t o - v a l l e y  e x c u r s i o n  of  any r e c o r d i n g  a c r o s s  t h e  
e n t i r e  t e s t  a p e r t u r e  s h a l l  be l e s s  than  0.65 dB. 

( 2 )  Repeat  t h e  r e c o r d i n g s  o f  ( 1 )  above w i t h  t h e  source  a n d p r o b e  an tennas  
o r i e n t e d  f o r  h o r i z o n t a l l y  p o l a r i z e d  energy.  These d a t a  s h a l l  meet 
t h e  requ i rements  of ( l a )  th rough  ( I d )  above.  

( 3 )  With t h e  source  an tenna  o r i e n t e d  t o  t r a n s m i t  v e r t i c a l l y  p o l a r i z e d  
energy and t h e  f i e l d  probe o r i e n t e d  t o  r e c e i v e  h o r i z o n t a l l y  p o l a r i z e d  
e n e r g y , r e c o r d  t h e  d e t e c t e d  s i g n a l  of t h e  probe an tenna  a s  i t  i s  moved 
a c r o s s  t h e  t e s t  a p e r t u r e  a l o n g  t h e  h o r i z o n t a l  c e n t e r  l i n e .  R e o r i e n t  
t h e  probe an tenna  t o  r e c e i v e  v e r t i c a l l y  p o l a r i z e d  energy and i n s e r t  
35 dB a t t e n u a t i o n  i n  t h e  p a t h  of t h e  d e t e c t e d  s i g n a l .  Record t h e  
a t t e n u a t e d  probe s i g n a l  a s  t h e  probe i s  moved a c r o s s  t h e  t e s t  a p e r t u r e  
a l o n g  t h e  h o r i z o n t a l  c e n t e r  l i n e  such t h a t  t h e  r e c e i v e d  s i g n a l  s t r e n g t h  
f o r  a  g i v e n  probe p o s i t i o n  a p p e a r s  d i r e c t l y  above t h e  c r o s s - p o l a r i z e d  
l e v e l  p r e v i o u s l y  recorded .  The s i g n a l  l e v e l  i n  t h e  f i r s t  c a s e  s h a l l  
n o t  exceed t h e  s i g n a l  l e v e l  r ecorded  f o r  t h e  l a t e r  c a s e .  Repeat t h e  
r e c o r d i n g s  w i t h  t h e  probe moved a l o n g  b o t h  d i a g o n a l s  and t h e  v e r t i c a l  
c e n t e r  l i n e  a c r o s s  t h e  e n t i r e  t e s t  a p e r t u r e .  For a l l  r e c o r d i n g s ,  t h e  
h o r i z o n t a l l y  p o l a r i z e d  s i g n a l  l e v e l  s h a l l  n o t  exceed t h e  l e v e l  of  t h e  
a t t e n u a t e d  v e r t i c a l l y  p o l a r i z e d  s i g n a l .  

( 4 )  Repeat  t h e  r e c o r d i n g s  of  ( 3 )  above w i t h  t h e  source  an tenna  o r i e n t e d  
t o  t r a n s m i t  h o r i z o n t a l l y  p o l a r i z e d  energy and t h e  probe an tenna  
o r i e n t e d  f o r  a l t e r n a t e l y  r e c o r d i n g  t h e  v e r t i c a l l y  p o l a r i z e d  s i g n a l  
and t h e  a t t e n u a t e d  h o r i z o n t a l l y  p o l a r i z e d  s i g n a l ,  For a l l  r e c o r d i n g s ,  
t h e  v e r t i c a l l y  p o l a r i z e d  s i g n a l  l e v e l  s h a l l  n o t  exceed t h e  l e v e l  o f  
t h e  a t t e n u a t e d  h o r i z o n t a l l y  p o l a r i z e d  s i g n a l .  

A 2 . 4 . 2  Probe Measurement Over 360 Degrees Azimuth 

( 1 )  O r i e n t  t h e  source  an tenna  t o  t r a n s m i t  v e r t i c a l l y  p o l a r i z e d  energy 
and r o t a t e  t h e  probe c a r r i a g e  mount s o  t h a t  t h e  a x i s  of  r o t a t i o n  o f  
t h e  c a r r i a g e  i s  v e r t i c a l .  Face t h e  probe an tenna  toward t h e  source  
and o r i e n t  t h e  probe t o  r e c e i v e  v e r t i c a l l y  p o l a r i z e d  energy.  P o s i t i o n  
t h e  probe c a r r i a g e  v e r t i c a l l y  s o  t h a t  it i s  w i t h i n  t h e  t e s t  a p e r t u r e .  
Move t h e  probe an tenna  h o r i z o n t a l l y  on t h e  f i e l d  probe mechanism t o  
a  p o i n t  approx imate ly  5 wavelengths  o u t  from t h e  a x i s  of r o t a t i o n .  
R o t a t e  t h e  probe c a r r i a g e  360 d e g r e e s  i n  az imuth and r e c o r d  t h e  d e t e c t e d  
s i g n a l .  Move t h e  probe an tenna  approx imate ly  one wavelength  h o r i z o n t a l l y  
inward toward t h e  a x i s  o f  r o t a t i o n .  R o t a t e  t h e  probe c a r r i a g e  360 d g r e e s  
i n  a  manner t h a t  o v e r l a y s  t h e  same azimuth a n g l e s  p r e c i s e l y  over  t h o s e  
p r e v i o u s l y  recorded .  Cont inue t h i s  procedure  moving t h e  probe an tenna  
i n  approx imate ly  one wavelength  s t e p s  each t ime  u n t i l  it has  been moved 
h o r i z o n t a l l y  t o  t h e  o p p o s i t e  s i d e  of t h e  a x i s  o f  r o t a t i o n  by approx imate ly  



FAA-E-2660 
Appendix 2 

f i v e  wave leng ths .  The o7reriayed p a t t e r c s  a.:e t h c s e  o f  the  probe 
an tenna  -c91i..;i a c  v a r i o a s  h o r i z o n t a l  p o s i t i o n s  each s l d e  of ehe a x i s  
o f  mount r o t a r l o n .  T h e  aw, i !L~vdc \r,-;:.lz:ion of ,hese p a t - ~ i ~ r r l s  a t  each 

. . ang1.e of  r o t a t F o n  i s  a n  ir,dicsti.c:.! 2: ri;t:ref lect i id sus?:gy. The a c t u a l  
p a t t e r n  of  the  probe anter.na i s  tibe rr,:'.d-power p o s i t  i or: G E  t h e  over layed  
p a t t e r n s ,  The r e l a t i v e  r e f l v c t e d  power. a r z i v i n g  frcm t h e  az imuth 8 
s h a l l  be e s t i m a t e 3  a s :  

Where 0 i s  t h e  xeasureci ~i : i i : in~~~~- . tc .~:~:- i~; i . : t ' i i~  a ~ y 1 i t u d c  var1atLon ( i n  dB) 
a t  t h e  a n g l e  @ and G(s) i s  t h e  g a i n  ( IF. dB) of t the probe an tenna  ( w i t h  
r e s p e c t  t o  t h e  peak of t h e  probe pa t t e rn !  a t  t h e  azirrluth a n g l e  Q . 
A t  a l l  az imuth a n g l e s  0"s  :" 335<:' , t h e  es t in ia ted  r e l a t i v e  
r e f l e c t e d  power s h a l l  be l e s s  than -35 dB. 

( 2 )  O r i e n t  t h e  s o u r c e  and prohe an tenna  f o r  h o r i z o n t a l l y  p o l a r i z e d  energy 
and r e p e a t  t h e  measurements and a s s o c i a t e d  compu;ations of ( 1 )  above.  
A t  a l l  azimuch a n g l e s ,  0"s -C 36.Q0 , t h e  e s t i m a t e d  r e l a t i v e  r e f l e c t e d  
power s h a l l  be  l e s s  than  -35 dB. 

With t h e  source  an tenna  o r i e n t e d  t o  t r a n s m i t  v e r t i c a l l y  p o l a r i z e d  
energy and t h e  probe an tenna  o r i e n t e d  t o  r e c e i v e  h o r i z o n t a l l y  p ~ l e r i z e d  
energy ,  p o s i t i o n  t h e  probe c a r r i a g e  a s  i n  (1 )  above and move t h e  probe 
h o r i z o n t a l l y  t o  a  d i s t a n c e  of a t  l e a s t  f i v e  f e e t  from t h e  a x i s  of 
r o t a t i o n .  R o t a t e  t h e  probe c a r r i a g e  360 degrees  i n  az imuth and r e c o r d  
t h e  d e t e c t e d  s i g n a l .  Reor ien t  t h e  probe an tenna  t o  r e c e i v e  v e r t i c a l l y  
p o l a r i z e d  energy and i n s e r t  35 dB a t t e n u a t i o n  i n  t h e  p a t h  of  t h e  d e t e c t e d  
s i g n a l .  Record t h e  a t t e n u a t e d  s i g n a l  of t h e  probe antenna a t  t h e  peak 
of t h e  beam. The s i g n a l  r ecorded  i n  t h e  f i r s t  c a s e  over  t h e  complete 
360 d e g r e e s  s h a l l  no t  exceed t h e  s i g n a l  l e v e l  recorded f o r  t h e  l a t e r  
c a s e . ,  T h i s  t e s t  measures c r o s s  p o l a r i . z a t i o n  throughout  360 degrees  
of az imuth t h a t  can a f f e c t  t h e  accuracy  of t h e  c r o s s  p o l a r i z a t i o n  
measurement of t h e  t e s t  an tenna .  

(4 )  Repeat  t h e  measurement of ( 3 )  above w i t h  t h e  s o u r c e  an tenna  o r i e n t e d  
t o  t r a n s m i t  h o r i z o n t a l l y  p o l a r i z e d  e3ergy and t h e  probe an tenna  
o r i e n t e d  f i r s t  f o r  v e r t i c a l l y  p o l a r i z e d  energy ( r e c o r d  probe s i g n a l  
over  360' az imuth)  and t h e n  f o r  h o r i z o n t a l l y  p o l a r i z e d  energy ( r e c o r d  
a t t e n u a t e d  probe s i g n a l  a t  t h e  peak o f  t h e  probe beam). The v e r t i c a l l y  
p o l a r i z e d  s i g n a l  s h a l l  n o t  exceed t h e  a t t e n u a t e d  h o r i z o n t a l l y  p o l a r i z e d  
s i g n a l  l e v e l  over  360 degrees  i n  az imuth.  


